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I.  INTRODUCTION 

CONDITIONS  WHICH  PROMPTED  THE  STUDY 


The  deward  for  radiological  examination*  at  Munaon  Army 
Community  Hoapital  (MACH),  Port  Laavanuorth,  Kansas,  routinely 
exceeds  the  capacity  of  the  Radiology  Department  because  of  an 
insufficient  number  of  functional  examination  rooms.  Patients 
and  physicians  complain  about  excessive  waiting  times  for 
x-roya.  Large  backlogs  of  requests  for  fluoroscopic  and  other 
special  radiological  examinations  are  common.  Scheduled 
appointments  for  these  examinations  are  often  booked  for  more 
than  a  month  in  advance.  A  new  scheduling  policy  was  Initiated 
in  October  19&5  in  an  effort  to  hold  the  backlog  of  examination 
requests  to  an  acceptable  level.  Physicians  requesting 
examinations  are  to  designate  the  maximum  time  the  patient  can 
wait  for  an  appointment.  If  an  appointment  is  not  available 
within  that  time  period,  the  patient  is  automatically  sent  to 
another  hospital--ueually  the  Veterans  Administration  Nsdicel 
Center  (VAHC)  in  Leavenworth  or  the  Kanaaa  University  Medical 
Center  (KUKC)  in  Kansas  City--to  undergo  the  exesination.  MACH 
pays  for  these  examinations  with  Supplemental  Cere  funds.  - 

When  ths  proposal  for  this  study  was  initially  developed  in 
May  1985,  MACH  had  two  functional  examination  rooms  equipped 
with  General  Electric  and  Siemens  x-ray  machines.  A  Phillips 
x-rsy  machine  was  on  hand  for  placement  in  e  third  room  which 
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waa  to  hava  baan  coaplatad  by  Juna  1985. 

MACH  expected  tha  addition  of  a  third  examination  room  to 
reduce  patiant  waiting  time,  tha  backlog  of  examination  raquastc 
and  tha  axpanditura  of  Supplaaantal  Cara  funda  for  axaainatioria 
at  othar  facilitiaa.  Howavar,  tha  banafita  of  tha  Radiology 
Department 'a  axpandad  capacity  wara  to  ba  ahort-livad  bacauaa  of 
tha  Elactrical-Machanical  Upgrada  (EMU)  project  at  MACH. 
Renovation  of  tha  Radiology  Dapartaant  undvr  tha  EMU  projact  ia 
scheduled  to  bagin  in  Auguat  1986.  Tha  examination  roots  ara  to 
ba  closed  for  ranovation,  ona  at  a  tiaa,  for  a  pariod  of  thraa 
aontha  aach.  Aa  a  raault,  tha  Radiology  Dapartaant  waa  axpactad 
to  again  function  with  only  two  axaaination  rooaa  froa  Auguat 
1986  to  May  1987. 

MACH  navsr  attainad  thraa  functional  axaaination  rooaa. 
Nuaaroua  problems,  including  an  inadaquata  aita  preparation 
survey  and  tha  bankruptcy  of  a  contractor,  dalayad  the 
conatructlon  of  tha  Phillips  room.  To  aaka  aattara  worsa,  tha 
Siaaana  aachina  broka  down  in  October  1985,  leaving  MACH  with 
only  tha  General  Electric  Machine  functional.  Tha  Siaaana 
aachina  had  a  history  of  f requant  Mechanical  failure.*,  and 
repaira  to  aaka  it  fully  operational  would  hava  coat  *40,000. 
Since  a  replaceaent  for  the  Siaaana  aachina  waa  already 
programmed  in  the  Medical  Cara  Support  Equipaant  (MEDCA:  E) 
program,  it  waa  decided  not  to  repair  tha  Siaaana  aachina  and  to 
axpadita  procuraaant  of  a  replaceaent  machine.  Delivery  and 
inatallation  of  a  Picker  x-ray  machine  to  replace  tha  Siemens 
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Machine  was  expected  by  March  1986. 

Problaaa  with  root  construction  and  installation  of  ths 
Phillips  machina  and  dslaya  in  tha  procuraaant  and  installation 
of  tha  Pickar  aachina  hava  continued  ainca  Octobar  1985.  Tha 
Phillips  aachina  is  now  axpactad  to  ta  oparational  in  Juna  1986. 
Tha  Pickar  aachina  is  axpactad  to  ba  oparational  by  Novaabar 
1986. 


Tha  Radiology  Dapartaant  has  functionad  with  only  tha 
Ganaral  Elactric  x-ray  aachina  sines  Octobar  1985.  Although  tha 
Phillips  rooa  will  bs  oparational  in  Junap  it  will  ba  cloaad  for 
tha  EMU  renovation  project  in  August,  so  tha  Radiology 
Dapartaant  will  again  function  with  only  tha  Ganaral  Elactric 
aachina  during  tha  first  three  acr.ths  of  ths  project.  The 


Phillips  and  Pickar  rooaa  will  ba  oparational  during  tha  aacond 
thraa-aonth  period,  and  tha  Phillips  and  Ganaral  Elactric  rooaa 
will  ba  oparational  during  tha  final  thraa  aontha  of  the 
project. 

During  tha  EMU  project,  tha  backlog  of  axaaination  raquaats 
will  still  ba  controlled  by  tha  policy  that  autoaatically  sands 
patiants  to  othar  hospitals  whan  an  appeintaant.  ia  not  avail abla 
within  tha  tiaa  fraaa  spacifiad  by  tha  physician  requesting  tha 
axaaination.  MACH  wanta  to  minimize  tha  expenditure  of 
3upplaaantal  Cara  funds  for  radiological  examinations  by 
maximizing  tha  nuabar  of  examinations  dona  in-housa.  However, 
tha  hospital  does  not  want  to  do  ao  many  axaaination*  in-housa 
that  tha  patient  waiting  tiaas  are  axcaasiva.  Tha  Radiology 
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Dapartaant  nc*da  an  axaaination  achaduling  aathod  that,  ainiaizaa 
sxpandituraa  on  axaalnationa  dona  at  othar  hospitals  and 
adaquataiy  controls  waiting  tiaaa  for  axaainationa  dona  at  HACH. 

PROBLEM  STATEMENT 

To  dataraina  tha  optimal  aathod  of  achaduling  radiological 
axaainationa  during  tha  alactrical-nachanical  upgrada  (EMU) 
projact  at  Hunaon  Aray  Community  Hospital,  Fort  Laavanworth, 
Kansas. 


OBJECTIVES 

1.  Analvza  tha  currant  aathod  of  achaduling  I'adiological 
axaainationa. 

2.  Quantify  paraaatara  that  dascriba  tha  currant  operation 
of  tha  Radiology  Dapartaant. 

3.  Eatiaata  tha  radiological  workload  that  is  axpactad 
during  tha  EMU  pro^act. 

4.  Xdantlfy  tha  constraints  that  ara  axpactad  to  affact. 
tha  aarvica  copabilitiaa  and  axeaination  achaduling  aathoda  of 
tha  Radiology  Dapartaant  during  tha  EMU  projact. 

3.  Baaad  on  a  litaratura  March  and  censidaration  of  tha 
information  obtainad  abova,  idantify  altarnata  axanination 
achaduling  aathoda. 

6.  Eatiaata  tha  longaat  avaraga  waiting  tima  that  la 
axpactad  during  tha  EMU  for  patianta  arriving  within  a  ona-hour 
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period,  given  tha  alternate  achaduling  aathod. 

7,  Givan  tha  constraint*  associatad  with  the  altarnata 
achaduling  aethoda,  uaa  linaar  programming  to  determine  tha 
nuabar  and  mix  of  exaainationa  to  ba  achadulad  at  HACH  that  will 
minimize  tha  expenditure  of  Supplaaantal  Cara  funda  for 
exaainationa  to  ba  parforaad  at  othar  hoapitala. 

CRITERIA 

1.  Tha  optlaal  achaduling  aathod  will  raault  in  a  longaat 
axpactad  avaraga  waiting  tlaa  for  patianta  arriving  within  a  ona 
hour  pariod  that  is  laaa  than  or  aqual  to  tha  aaxinua  accaptabla 
avaraga  patiant  waiting  tiaa  aat  by  tha  Chiaf  of  tha  Radiology 
D«parip«nt.  Tula  c*iia«r ion  takas  prscsdsr.es  ever  subsequent 
critaria. 

2.  Tha  optlaal  achaduling  aathod  will  schadula  tha  nuabar 
and  alx  of  axsainationa  to  ba  dons  at  MACH  that  will  raault  in 
tha  lowaat  projected  axpanditura  of  Supplaaantal  Cara  funda  for 
axaainationa  to  ba  parforaad  at  othar  hoapitala  aa  dataralnad  by 
linaar  prograaaing. 

3.  If  projectiona  indicate  that  more  than  ona  altarnata 
achaduling  aathod  will  accoaodata  tha  entire  projected 
examination  workload,  tha  optimal  achaduling  aathod  ia  that 
aathod  which,  in  tha  opinion  of  tha  Chiaf  of  Radiology,  ia  the 
aoat  convenient  for  the  Radiology  Department  to  utilize. 


ASSUMPTIONS 


1.  Staffing  levels  and  the  productivity  of  personnel  in 
the  Radiology  Dapartaent  will  not  changa  aignif icantly  froa 
thair  currant  lava] a  during  tha  EMU  project. 

2.  Thara  will  ba  no  major  changaa  in  tha  radiological 
equipment  utilizad. 

3.  Data  concarning  tha  tiaa  raquirad  ti  parfora  a  givan 
procadura  with  tha  Ganaral  Electric  aachina  can  ba  appliad  to 
tha  Picker  aud  Phillip*  aachinaa.  Thia  aaauaption  ia  naeaaaary 
bacauaa  tha  Ganaral  Electric  aachina  will  ba  tha  only  aachina  in 
oparation  during  tha  atudy  pariod. 

4.  Unlaaa  it  ia  altarad  by  tha  altarnata  schadullng 
method,  tha  hourly  pattern  of  patient  arrivals  in  tha  Radiology 
Dapartaent  will  ba  tha  aaaa  during  tha  ENU  project  aa  that 
obaarvad  in  tha  atudy  pariod. 


LIMITATIONS 

1>  Tha  atudy  ia  limited  to  invaatigating  changes  in  tn«» 
method  of  schadullng  radiological  exaainationa.  Tha  atudy  will 
not  addraaa  aaaauraa  to  incraaaa  tha  productivity  of  tha 
indlviduala  in  tha  radiology  dapartaent. 

2.  For  a  givan  aathod  of  scheduling  examinations,  tha 
astiaation  of  tha  expected  average  waiting  tiaaa  during  tha  ENU 
(Objective  6)  would  ideally  ba  determined  with  a  queuing  modal 
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or  computar  simulation.*  Tha  complexity  of  a  queuing  modal 
that  would  bm  applicable  to  thla  study  precludes  the  uee  of  the 
modal  by  the  student.  Computer  simulation  techniques  will  not 
be  used  in  this  study*  because  the  student  lacks  the  expertise* 
time  and  computer  support  necessary  to  develop  a  computer 
simulation  program. 


LITERATURE  REVIEW 

A  review  of  the  literature  revealed  a  number  of  management 
studies  and  research  efforts  related  to  scheduling  of 
examinations  in  radiology  departments.  Host  of  the  articles 
that  concentrated  directly  on  scheduling  methods  identified 
staffing  concerns  as  the  primary  impetus  for  the  study.2 
Concern  for  patient  waiting  time,  facility  constraints  and  the 
impact  of  patient  flow  problems  on  the  nursing  staff  are  other 
issues  that  prompted  work  in  this  area.3 

Studies  to  measure  the  productivity  of  a  radiology 
department  because  of  high  personnel  costs*  complaints  about 
waiting  tims  and  requests  to  sxpand  facilities  all  touched  on 
ths  nssd  for  s  scheduling  syetes  to  control  the  flow  of 
patients. *  Articles  devoted  to  the  enelyeie  end  control  of 
pet lent  welting  time  also  covered  some  cepecte  of  scheduling 
methods. 3  One  euthor's  description  of  the  oboective  of  e 
pet lent  scheduling  system  11 lustra tern  why  scheduling  Issues  are 
frequently  addressed  in  rediology  management  studies:  "An 
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adequate  patient  scheduling  system  in  e  radiology  department 
should  minimize  patient  waiting  time  while  maximizing  use  of 
personnel,  equipment,  end  facilities. "6 

Radiology  departments  suffer  from  e  chronic  problem  of 
uneven  workload  during  the  day.  Morning  hours  are  busy,  but 
equipment  and  personnel  are  often  idle  later  in  the  day. 
Scheduling  systems  are  implemented  in  an  attempt  to  even  out  the 
flow  of  patients.  Some  authors  insist  that  all  examinations, 
except  emergencies,  should  be  scheduled.7  A  computer  system 
can  greatly  enhance  efforts  to  schedule  all  examinations.® 

Others  cite  large  numbers  of  outpatient  examinations  and 
inadequate  communication  systems  as  barriers  to  scheduling  more 
than  a  small  portion  of  the  examinations. 9 

The  literature  review  yielded  examples  of  industrial 
engineering  and  operations  research  techniques  employed  in  the 
enelysia  of  rediology  departments.  Work  sampling,  time  records 
(logs),  standard  timea  and  time  studies  are  work  measurement 
techniques  used  to  determine  the  length  of  time  required  to 
perform  examinations. 1®  Data  on  patient  waiting  time  hsvs 
been  analyzed  with  sieuletion  techniques  and  regression 
analysis. An  article  that  was  located  after  the  proposal 
for  this  study  had  been  written  discussed  the  use  of  linear 
programming  to  mmximize  thm  contribution  margin  of  an  Ambulatory 
Diagnostic  Center  through  case  mix  mencgssent . 12 

Although  some  art  idea  referred  to  queuing  theory,  the 
actual  use  of  queuing  theory  models  end  techniques  to  analyze 


service  capacity  and  patiant  waiting  tiaaa  waa  conspicuously 
absent  fro®  tha  litaratura.  Quauing  thaory  ia  uaad  to  atudy  tha 
functions  of  aarvica  systems. 13  Quauing  aodala  quantify 
such  aspacta  of  a  aarvica  ayataa  «a:  <1>  tha  average  tiaa  a 
customer  waits  for  aarvica,  <2>  tha  avaraga  nuabar  of  custoaars 
waiting  in  line,  and  O)  tha  probability  that  tha  aarvica 
facility  will  ba  idle.**  a  problem  with  quauing  thaory  ia 
that  tha  aodala  bacons  vary  complex  whoa  cuatotar  arrival 
patterns,  quaua  discipline,  aarvica  tiaaa  and  aarvica 
conf igurationa  do  not  satisfy  cartain  conditions. *5  This 
sight  explain  why  applications  of  quauing  aodala  to  radiology 
departments  wars  not  found  in  tha  litaratura.  Simulation 
tachniquas  aay  ba  usaful  whan  tha  complexity  of  tha  aarvica 
ayataa  precludes  tha  usa  of  quauing  thaory  aodala. 16 

RESEARCH  METHODOLOGY 

OBJECTIVE  1:  Tha  currant  aathod  of  schaduling  radiological 
axaainationa  w'll  ba  analyxad  by  axaainlng  docuaanta  such  as 
Standing  Oparating  Procadura#  and  MBDDAC  Regulations,  and  by 
obsarving  tha  oparstion  of  tha  dapsrtaant.  Tha  analysis  will 
dataralna  tha  following: 

1 .  Examinations  that  can  ba  parforaad  in  aach  examination 

room 

2.  Examination  rooms  and  tiaa  periods  that  arm  normally 
reserved  for  cartain  axaainationa 
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3.  Typam  of  patients  (inpatient  versus  outpatient)  and/or 
exaainationa  that  are  normally  scheduled  by  specific  appointment 
tinea 

4.  Number  of  minutes  each  room  is  scheduled  to  be 
available  for  service  on  a  daily  basis 

5.  Number  of  minutes  historically  allotted  in  the  schedule 
for  various  procedures 

OBJECTIVE  2:  An  analysis  of  the  Radiology  Department 
operation  will  be  conducted  using  the  Radiology  Daily  Register 
<HACH  Form  252) ,  the  Radiology  Daily  Procedure  Schedule  (HACH 
Fora  220) ,  and  the  Patient  Control  Card  (KACH  Form  51). 

Examples  of  these  forma  * re  provided  se  Appendixes  A-C.  In 
addition  to  the  information  normally  recorded  on  the  above 
fornn,  the  following  data  will  be  recorded  for  each  examination: 

1.  Tine  patient  arrived  et  the  radiology  department 

2.  Time  patient  entered  examination  room 

3.  Tine  patient  departed  examination  room 

The  patient  arrival  tine  will  be  recorded  on  the  Radiology  Daily 
Register  by  the  receptionist.  The  times  the  patient  entered  and 
departad  tha  examination  room  will  ba  recorded  on  the  Patient 
Control  Cards  by  the  radiology  technicians.  Data  will  ba 
collected  over  a  four-week  period. 

The  date  collected  will  allow  tha  calculation  or 
description  of  the  following  pareaeters  concarnlng  tha  oparation 
of  the  department : 


1.  The  average  service  time  for  each  type  of  examination 

2.  Tha  distribution  of  schadulad  and  unscheduled  patiant 
arrivals  for  aach  hour  of  tha  day 

3.  Tha  average  patiant  waiting  time  axpariancad  by 
patianta  arriving  during  aach  hour  of  tha  day 

4.  Examination  room  utilization  ratas  (in  minute*  used  par 

day) 

5.  Tha  numbav  of  radiological  examinations  raquaatad  by 
tha  various  clinics 

OBJECTIVE  3:  The  radiological  workload  axpactad  during  tha 
EHU  project  will  ba  estimated  based  on  historical  data  and  any 
axpactad  major  changes  in  tha  demand  for  radiological 
examinations.  Workload  data  will  ba  obtained  from  tha  Radiology 
Department's  monthly  workload  report  and  the  Patiant 
Administration  Division's  monthly  report  on  examinations  ordered 
under  Supplemental  Cara  funds.  Tha  estimate  will  reflect  tha 
expected  number  of  requests  for  wach  type  of  examination  during 
tha  Eru  project. 

OBJECTIVE  4:  Various  constraints  will  affect  tha  service 
capabilities  and  patiant  scheduling  methods  of  the  Radiology 
Department  during  the  EMU  project.  The  following  era  examples 
of  euch  constraints: 

1.  Amount  of  tiss  available  in  each  of  the  examination 
rooea  (a  rvice  capacity) .  The  houra  of  operation,  staffing 
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schedules,  expected  equipment  down  tin*  (to  bo  obtained  from  an 
inspection  of  maintenance  and  ra pair  records),  and  the  amount,  of 
scheduled  nonproductiva  tiaa  <e.g.  committee  meetinje)  all 
impact  on  tha  ainutaa  available. 

2.  Spacific  examinations  that  muat  ha  dona  ln-houaa.  Tha 
daairaa  of  tha  Radiology  Department  or  tha  nadlcal  ataff  might 
dictata  that  cartaln  axamlnationa  cannot  ba  shifted  to  another 
hoapital . 

3.  Equipment  capabilities.  Certain  axamlnationa  can  only 
ba  dona  in  certain  rooma  dua  to  equipment,  capabilities. 

4.  Tha  maximum  acceptable  average  waiting  time  that 
patients  are  expected  to  experience  during  tha  EMU.  Average 
patient  waiting  times  for  each  hour  of  tha  day  were  determined 
under  Objective  2.  The  Chiof  of  the  Radiology  Department  will 
consider  this  information  in  determining  a  maximum  acceptablm 
expected  average  waiting  time  for  patients  arriving  during  a 
one-hour  period  (Criterion  1). 

OBJECTIVE  5:  After  conducting  a  literature  search  and 
considering  the  information  obtained  above,  alternate  scheduling 
methods  will  be  identified.  Aspects  of  tha  scheduling  method 
that  might  ba  changed  include: 

1.  Alteration  of  tha  time  allotted  for  various 
examinations 

2.  Alteration  of  tha  number  and/or  type  of  examinations 
that  are  scheduled 
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3.  Alteration  of  one  or  sore  constraints  associated  with  a 
given  scheduling  method  (i.e.  changes  in  staffing  achedulea  or 
hours  of  operation  could  affect  the  amount  of  time  available  in 
an  examination  room) 


OBJECTIVE  6:  Bata  collected  under  previoua  Objectives  will 
be  uaed  to  estimate  the  longeat  average  waiting  times  expected 
during  the  EHU  for  patients  arriving  within  a  one  hour  period, 
given  an  alternate  scheduling  method. 

1.  The  number  of  unacheduled  patient  arrivals  expected  for 
each  hour  of  the  day  will  be  estimated  by  applying  the  hourly 
dlatribution  of  unscheduled  patient  arrivals  (obtained  under 


UDJ  vu  a/  WW 


*“***^»^  Ww2Tr?i04sCi  (  lin/jmv*  0U  T  i_  VA 


3) .  The  number  of  arrivals  scheduled  hourly  under  the  alternate 
scheduling  method  will  then  be  added  to  obtain  the  total  number 
of  expected  patient  arrivals  for  each  hour. 

2.  The  expected  number  of  hourly  patient  arrivals  and 
service  cspecity  during  the  EMU  will  be  weighed  against  the 
hourly  number  of  patient  arrivals  and  aarvica  capacity  observad 
during  tha  data  collactio;<  pariod  to  arriva  at  an  aatiaats  of 
tha  longeat  avaraga  waiting  tiaaa  axpactad  duing  tha  EHU. 


OBJECTIVE  7:  For  tha  altar.nate  achaduling  methods  with 
their  perticuler  constraints,  the  following  reletionehip  exists: 


Examinations  Examinations  Total  projected 

dona  at  MACH  ♦  dona  at  othar  *  workload 

hospitals 

Tha  actual  objective  ia  to  minimize  tha  axpanditura  of 
Supplamantal  Cara  funds  on  axaminations  dona  at  othar  hospitals, 
so  tha  objective  function  would  ba: 


Minimiza: 


f numbar  of  aach  type\ 
cost  of  tha]  (of  axaminatlon  dona] 
^xaminatiory  \at  othar  hospitals J 


Tha  constraints  associated  with  a  particular  scheduling 
method  are  most  easily  expressed  in  terms  of  examinations  that 
are  dona  at  MACH.  To  simplify  tha  formulation  of  tha  linear 
programming  problem,  tha  minimization  objective  function 
involving  examinations  dona  at  othar  hospitals  can  ba  converted 
to  a  maximization  of  tha  '‘payoif"*  associated  with  axaminations 
that  are  dona  at  MACH.  If  another  hospital  charges  MACH  *30  for 
doing  a  procedure,  MACH  saves  *50  in  Supplamantal  Cara  funds 
(tha  payoff)  if  it  can  do  tha  examination  in-*house.  Tha 
maximization  function  would  ba  expressed  as: 


Maximize 


'F(: 


cost  of  tha ] 
examination/ 


/  .  - 

(numoer  ox  wen  vypai 
of  examination  ) 

scheduled  at  MACH  / 


To  illustrate  tha  use  of  linear  programming  to  maximize  tha 
payoff  of  a  scheduling  method,  a  hypothetical  scenario  involving 
a  limited  numbar  of  axaminations  and  constraints  is  outlined 


below: 
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Examination  1  muat  b<  dona  in  room  1  or  2 


Examination 

Examination 

Examination 


2  can  ba  dona  in  any  room. 

3  muat  ba  dona  in  room  2  or  3. 

4  can  ba  dona  in  any  room . 


Waightad 


Bmalniilfln  _ cait 

1  *ioo 

2  *30 

3  *10 

4  *5 


Minutaa  raquirad 

is r.  fcfct  mcasadiiEa 
45 
30 
13 
10 


Room  2  ia  tamporarily  cloaad  for  tha  EHU  projact.  Tha 
Radiology  Dapartaant  dacidad  that  all  axamination  4 ' a  ahould  ba 
dona  in-houaa. 

Lat  Xu  ■  tha  nuabar  of  ith  axamination*  dona  at  MACH 
in  tha  jth  room  during  ona  month. 


0b3activa  function: 

Naximiza:  *100Xil  ♦  *30X21  *  *30X23  ♦ 
*10X33  *  *5X41  ♦  *3X43 


Sub j act  to: 

43Xn  ♦  30X21  ♦  IOX41  i  minutaa  nvailabla 

in  Rm  #1  during  ona  month 

30X23  ♦  15X33  ♦  10X43  £  minutaa  availabla 

in  Rm  #3  during  ona  month 

X41  ♦  X43  >  numbar  of  axamination  4' a 

pro^octad  for  ona  month 
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The  valuta  obtained  for  tha  Xj. ja  will  ba  compared  to 
the  projected  workload  to  identify  tha  type  end  number  of 
examinationa  that  muat  be  referred  to  other  hoapitala,  and  the 
coat  of  ahifting  the  examinationa  to  the  other  hoapitala  will  be 
calculated. 

Although  the  EHU  plan  cal la  for  three  different 
combinctiona  of  examination  rooma  to  be  uaed  during  the 
renovation  of  the  Radiology  Department,  only  two  linear 
programming  modela  will  be  conatructed.  Since  the  General 
Electric  and  Picker  machinea  have  the  aame  capabilities,  the 
node.1  constructed  for  the  period  when  the  General  Electric 
machine  is  unavailable  will  also  apply  when  the  Picker  machine 
ia  unavailable. 
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II.  DISCUSSION 


CURRENT  METHOD  OF  SCHEDULING  EXAMINATIONS 

The  Radiology  Department's  hours  of  operation  ara  0730-1600 
Monday  through  Friday.  Radiology  tachniclana  ara  on  call  to 
parforn  emergency  procaduraa  outaida  tha  normal  hours  of 
oparation.  Tha  Dapartaant  currantly  has  only  one  oparational 
sxaaination  room,  so  tha  total  examination  rooa  tiaa  routinely 
available  ia  8.5  hours  par  day.  Tha  room  Is  equipped  with  a 
General  Electric  x-ray  aachina  that  is  capable  of  perforaing 
general  x-rays,  mammograms,  fluoroscopic  and  special 
radiological  axaainationa . 

Prior  tc  October  1985,  whan  two  axaainationa  rooaa  ware 
operational,  the  Radiology  Dapartaant  scheduled  patients  for 
aaaaograas,  fluoroscopic  and  special  procedures.  As 
illustrated  by  tha  Radiology  Daily  Procedure  Schedule  (MACH  Fora 
220 >  at  Appandix  B,  axaainationa  were  scheduled  in  45-minute 
Mb.  period*  f ma  0730*1113  and  1300-1600.  Gall  bladder  (0CG) 
studies,  intravenous  pyelograas  (IVP'a),  bariua  eneaas  <BE'*>, 
upper  gastrointestinal  (UGI>  studies  and  other  fluoroscopic  or 
special  examinations  that  require  tha  patient  to  fast  were 
scheduled  in  the  aorning.  Studies  that  do  not  require  the 
patient  to  fast--auch  as  arthrcgraaa,  venograms,  tomograms  and 
mammograms — were  scheduled  in  the  afternoon. 

The  current  method  of  scheduling  examinations  has  evolved 
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from  attempts  by  the  Radiology  Department  to  daal  with  the 
constraints  of  a  singla  oparatlonal  axaalnation  room. 

Outpatiant  fluoroscopic  and  apaclal  procedures  ara  schadulad  by 
spaclfic  appointment  tlaas.  General  x-ray  examinations  for 
outpatients  are  parforead  on  a  "first  coma,  first  aarvad"  basis. 
Examinations  fox  inpatients  ara  fit  into  the  work  flow  on  an  “on 
call*'  basis,  which  aaans  tha  Radiology  Department  notifies  the 
ward  to  deliver  tha  patient  whan  tha  room  is  available  to  do  tha 
examination  .  All  mammograms  ara  sent  out  to  other  hospitals  and 
paid  for  with  Supplemental  Cara  funds. 

Fluoroscopic  and  spacial  procedures  for  outpatients  ara 
typically  scheduled  for  thraa  45-mlnute  tise  parioda  beginning 
at  0900 ,  0945  arid  13CC  for  each  day  of  tha  weak  except  Thursday. 
No  fluoroscopic  or  special  examinations  are  schadulad  on 
Thursdays,  becouae  HACK  has  contracted  for  tha  services  jf  s 
mobile  computerized  tomography  (CT)  unit  on  Thuraday  afternoons. 
The  NACH  radiologist  must  oa  available  to  read  CT  ecana  in  tha 
mobile  unit  by  noon,  so  ha  cannot  risk  being  tied  up  with  a 
backlog  of  fluoroscopic  or  special  procaduraa  on  that  day.  Tha 
radiologiat  also  attsnds  a  continuing  education  program  on  tha 
last.  Friday  of  each  icnth,  so  patisnts  arm  not.  appointsd  at  1300 
on  that  day . 

Appointments  for  outpatiant  fluoroscopic  and  special 
procedures  ara  typically  booked  over  a  month  In  advance.  Th» 
physician  writes  tha  maximum  acceptable  waiting  tima  for  an 


appointment  on  tha  raquaat  for  thw  examination.  If  tha 
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Radiology  Department  has  an  appointment  time  available  within 
that  time  period,  the  patient  is  scheduled  for  the  examination. 
If  an  appointment  is  not  available,  the  patient  is  scheduled  for 
the  examination  at  another  facility,  and  MACH  pays  for  the 
examination  with  Supplemental  Cara  funds.  No  scheduling 
priority  is  given  for  specific  types  of  examinations  or  for  a 
particular  physician.  The  maximum  acceptable  waiting  time  noted 
on  the  request  is  the  only  factor  used  to  decide  whether  a  given 
fluoroscopic  or  special  procedure  is  done  at  MACH  or  at  some 
other  facility. 

Mammograms  are  currently  sent  to  St.  John  Hospital  in 
Leavenworth  and  to  Kansas  University  Medical  Confer  in  Kansas 
City,  Kansas.  All  other  examinations  are  sent  to  the  Veterans 
Administration  Medical  Center  in  Leavenworth. 

ANALYSIS  OF  CURRENT  OPERATION 

Data  concerning  751  examinations  performed  during  the 
Radiology  Department's  normal  oparetlng  hours  were  collected 
during  the  four-week  study  psriod  of  21  March-17  April  19S&. 

The  reesptioniat  recorded  the  time  each  patient  arrived  at  the 
department  on  the  Radiology  Daily  Register  (MACH  Form  252) .  The 
radiology  technician  recorded  the  times  that  each  patient 
entered  and  departed  the  examination  room  on  the  Patient  Control 
Card  (MACH  Form  51).  Seven  data  elements  concerning  each 
examination  were  then  gleaned  from  these  forme  and  enterod  into 
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a  computerized  data  base.  A  printout  of  tha  data  baaa  ia 
providad  at  Appendix  D. 

Tha  first  thraa  data  eleaents  ara  tha  day  that  tha 
axaaination  waa  parfornad,  tha  clinic  or  ward  that  requested  tha 
axaaination,  and  tha  typa  of  axaaination  parforaad.  Laganda  or 
axolanationa  for  tha  abbreviations  uaad  for  thaaa  data  alaaanta 
ara  providad  in  Appandix  D. 

Tha  fourth  data  alaaant  ia  tha  hour  of  tha  day  that  tha 
patiant  arrivad  at  tha  radiology  dapartaant.  Patianta  arriving 
from  0730-0829  ara  identified  by  "0800“  aa  tha  arrival  hour. 
Patianta  arriving  from  0830-0929  ara  identified  by  "0900",  and 
ao  on.  Since  tha  dapartaant  cloaaa  at  1600,  tha  “1600“  arrival 
hour  only  applies  to  patianta  arriving  In  tha  1530-1600  tiaa 
period. 

Tha  fifth  data  aleaent  ia  tha  waiting  tiaa  experienced  by 
tha  patiant.  Tha  waiting  tiaa  ia  daflned  as  the  nuabar  of 
ainutaa  froa  tha  tiaa  tha  patiant  arrivad  at  tha  Radiology 
Dapartaant  until  tha  patiant  entered  tha  axaaination  rooa. 

The  sixth  data  alaaant  ia  tha  aarvica  tiaa  for  tha 
axaaination.  Tha  aarvica  tiaa  ia  defined  aa  tha  nuabar  of 
ainutaa  that  tha  patiant  actually  occupied  the  axaaination  rooa. 

Tha  seventh  data  alaaant  is  tha  transition  tiaa  between 
axaainationa.  Tha  transition  tiaa  ia  tha  nuabar  of  ainutaa 
elapsed  froa  tha  tiaa  one  patiant  departs  tha  axaaination  rooa 
until  tha  next  patiant,  who  has  bean  waiting,  enters  tha 
axaaination  rooa.  Transition  tiaa  is  counted  only  whan  there  is 
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a  patlant  waiting  for  an  examination.  Whan  thera  ia  no  patient 
waiting  for  an  axaaination  and  tha  room  ia  empty,  it.  ia 
conaidarad  idle  tiaa.  Since  idle  time  occurad  ao  infrequently, 
it  waa  tabulated  aaparataly  froa  tha  data  baaa. 

Tha  number  of  axaainationa,  total  aarvica  time  and  average 
aarvica  tiaa  for  each  type  of  axaaination  per  Toraed  during  the 
atudy  period  are  liatad  in  Table  1.  Tha  overall  average  service 
tiaa  for  general  x-ray  axaainationa  ia  5.7  ainutea,  compared  to 
a  41.5  minute  average  aarvica  time  for  fluoroscopic  and  apacial 
procedures.  Although  the  52  fluoroscopic  and  apacial  procedures 
represent  only  7  percent  of  tha  axaainationa  performed,  they 
account  for  35  percent  of  tha  total  aarvica  tiaa. 

The  average  aarvica  tiaee  for  three  types  of  examinations 
merit  comment.  Tha  average  aarvica  tiaa  of  12.5  ainutea  for  an 
abdominal  sariea  axaaination  ia  akewed  by  an  axaaination 
involving  a  trauma  patiant  that  took  60  minutes  to  complete. 

Tha  other  three  abdominal  aeries  examinations  had  an  avaraga 
service  tiaa  of  only  five  minutes.  Tha  multiple  general  x-ray 
axaaination  refers  to  patients  who  underwent  more  than  one 
general  x-ray  procadura,  which  accounts  for  tha  ralativaly  long 
average  service  tiaa  for  that  type  of  axaaination.  Tha 
radiology  technicians  thought  that  tha  35  minute  aarvica  tiaa 
observed  for  tha  arthrograa  ia  laaa  than  tha  true  avaraga. 

Future  calculations  that  involva  arthrograaa  will  use  40  minutes 
as  tha  avaraga  aarvica  time. 
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TABLE  1 


EXAMINATION  SERVICE  TIMES 
(In  Minutaa) 


Typa  of  Exaaination 

Nuabar  of 
Exaainationa 

Total 

Sarvica 

Tima 

Avaraga 

Sarvica 

Time 

Genaral  X-Raya: 

Chaat/Rib 

202 

663 

3.3 

Extraaatiaa 

347 

1641 

4.7 

Haad/Sinua 

31 

273 

8.6 

Spina 

69 

691 

10.0 

Kidnaya/Uratara/Bladdar 

4 

24 

6.0 

Abdoninal  Sariaa 

4 

75 

12.5 

Nultipla 

22 

427 

19.4 

Total 

699 

3994 

5.7 

Fluoroacopic  and  Spacial : 

Uppar  Gaatrointaatinal 

10 

263 

28.3 

Barium  Enaaa 

14 

602 

43.0 

Arthrograa 

1 

33 

33.0 

Intravenous  Py»loor«» 

16 

631 

40.7 

Toaograa 

3 

181 

60.3 

Xarograa 

1 

60 

60.0 

Othara 

7 

343 

49.3 

Total 

32 

2137 

■ 

f-4 

* 

In  addition  to  tha  aarvica  tiaa  raquirad  for  aach 
axaaination,  tha  nuabar  of  axcainationa  coaplatad  within  a  givan 
tiaa  dapando  on  tha  tranaition  tiaa  batwaan  axaainatlona . 
Excaaaiva  tranaition  tiaaa  could  raault  froa  dalaya  cauaad  by 
incoaplata  axaaination  raquaats,  patiant  flow  problaaa, 
aquipaant  adjuataanta  raquirad  for  cartain  procaduraa(  or 
fraquant  ainor  aquipaant  naif unctiona .  Tha  avaraga  tranaition 
tiaa  obaarvad  during  tha  atudy  pariod  waa  4.1  ainutaa. 

Tha  tiaa  raquirad  to  coaplata  an  axaaination  ia  actually 
tha  aua  of  tha  aarvica  tiaa  and  tha  tranaition  tiaa.  By  adding 
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“he  4.1  minute  av«raga  transition  tiaa  to  the  overall  average 
sarvica  times  listed  in  Table  1,  the  avarsgt  completion  tiaa  for 
general  x-ray  axaainationa  la  9.8  alnutas,  and  tha  average 
corplei ion  tiaa  for  fluoroscopic  and  apacial  axaainationa  is 
45. t  ainutaa. 

Tha  distribution  of  patiant  arrivals  for  aach  hour  of  tha 
day  during  tha  study  pariod  ia  shown  in  Tabla  2.  Alaoat  40 
parcant  of  tha  patients  arrivad  during  tha  first  two  hours  of 
tha  day.  Sixty-five  parcant  of  tha  patiants  undargoing 
fluoroscopic  or  apacial  axaainationa  arrivad  during  tha  first 
thraa  hours  of  tha  day.  Tha  sehadulad  arrivals  includad  15 
yatiants  who  wars  sehadulad  for  0900,  14  pstianta  who  wara 
sehadulad  for  0945  and  six  patiants  who  wara  sehadulad  for  1300. 
Tha  Rcdlology  Dapartaant  had  actually  achadulad  41  patiants  for 
fluoroscopic  and  special  axaainationa  during  tha  study  pariod, 
but  slit  patiants  <15  parcant)  cancelled  for  various  reasons. 
Unschnhul&d  arrivals  for  fluoroscopic  and  apacial  axaainationa 
include  tha  inpatient  axaainationa,  which  wara  perforaed  "on 
cull",  and  emergencies. 


25 


TABLE  2 


DISTRIBUTION  OF  PATIENT  ARRIVALS 
(Nuabars  and  Parcantagaa) 


Ganaral  Schad.  Unachad.  Hourly 


Arrival 

X-Raya 

FAS* 

FAS*> 

Total 

Hour 

<# 

X  ) 

<# 

X  > 

(# 

X  > 

<« 

K  > 

0600 

177 

25.3 

7 

20.0 

1 

5.8 

165 

24.6 

0900 

99 

14.2 

12 

34.3 

3 

17.6 

114 

15.2 

1000 

86 

12.3 

10 

26.5 

1 

5.9 

97 

12.9 

1100 

77 

11.0 

-- 

— 

2 

11.  S 

79 

10.5 

1200 

57 

8.2 

— 

— 

4 

23.5 

61 

8.1 

1300 

63 

9.0 

4 

11.4 

i 

5.9 

68 

9.1 

1400 

58 

8.3 

2 

5.7 

3 

17.6 

63 

6.4 

1500 

60 

8.6 

-- 

— 

2 

11.8 

62 

8.3 

1600 

22 

3.1 

-  - 

- - 

- 

- - 

22 

2.9 

Total 

699 

35 

17 

751 

*Schad.  FAS  danotaa  achadulad  fluoroscopic  and  apaclal 
axaain&tiona. 

bUnschad.  FAS  danotaa  unachadulad  fluoroscopic  and  apaclal 
exaainat ions . 


Flyura  1  dap Jet a  tha  avaraga  patlant  waiting  tiaa 
axpari<t>?.c4d  by  patianta  arriving  during  aach  hour  of  tha  day. 
Tha  coabinatlon  of  tha  long  aarvica  tiaaa  raqulrad  for 
f luoroecopic  and  apaclal  axaalnationa  and  tha  larga  nuabara  of 
patianta  arriving  aariy  in  tha  day  results  in  vssy  long  waiting 
tiaaa  during  tha  aorning  hours.  Patianta  arriving  during  tha 
1000  arrival  hour  axpariancad  tha  longaat  avaraga  waiting  tlaa 
of  04  ainutaa.  Tha  ovarall  avaraga  waiting  tiaa  for  tha  751 
patianta  includad  in  tha  atudy  period  waa  62  ainutaa. 
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FIGURE  1 


1  AUERAGE  PATIENT  UNITING  TIMES 
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Tha  distribution  of  waiting  tiaaa  was  anaiyzad  to  aaa  if  a 
taw  patianta  with  vary  long  waiting  tisss  had  distorted  tha 
avaraga  waiting  tiaaa.  Tha  distribution  of  waiting  tiaas  i» 
displayad  in  Figura  2.  Sinca  319  patianta  <42. 5  parcant  of  all 
patianta)  axpariancad  waiting  tiaaa  of  ona  hour  or  aora,  it  was 
concluded  that  tha  avaraga  waiting  tiaaa  wars  not  diatortad  by  a 
faw  patianta  with  axcaasiva  waiting  tiaaa. 


FIGURE  2 


U  DISTRIBUTION  OF  UNITING  HUES 
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Tha  status  of  tha  axaaination  root  at  any  givan  nonant 
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roo*,  it  ia  idantifiad  as  sarvica  tina.  Tha  tiaa  batwaan 
txaai nations  is  transition  tiaa.  Idla  tiaa  occurs  whan  tha  roo* 
is  aapty,  and  no  patiants  ara  waiting.  Tha  room  could  also  ba 
down  for  naintananca  or  rapair.  Tha  utilization  of  tha 
axaaination  roo*  during  tha  study  pariod  is  auaaarizad  in  Tabla 
3.  Tha  combination  of  tha  sarvica  and  transition  ti*as  rasults 
in  a  30  par cant  utilization  rata  for  tha  axaaination  roo*. 
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TABLE  3 


EXAMINATION  ROOM  UTILIZATION 
STUDY  PERIOD 


Status 

Minutes 

Percent  of 
Total  Time 

Service  time 

6151 

60 

Transition  time 

3085 

30 

Idle  time 

626 

6 

Repair  and  maintenance 

413 

4 

Rcquaata  for  radiological  axaainationa  caaa  from  20 
clinics,  warda  and  aarvicaa  during  tha  study  period.  Tha  number 
of  examinations  requested  by  each  is  displayed  in  Table  4. 

There  were  717  outpatient  examinations  and  only  34  inpatient 
examinations. 


TABLE  4 

EXAMINATION  REQUESTS  BY  SERVICE 
STUDY  PERIOD 


Service  Number 

Service  Number 

General  Outpatient  Clinic 

194 

Physical  Therapy 

5 

Orthopedics 

160 

Allergy  Clinic 

2 

Family  Practice 

87 

Dental  Clinic 

2 

Medical  Enin  Clinic 

73 

r? - —  r?_  _  ^  Mjkaik 

bjrVN p  Vf  wwen 

Emergency  Room 

72 

and  Throat  Clinic 

1 

Internal  Medicine 

48 

Mental  Health  Clinic 

1 

Pediatrics 

30 

Ward  3B 

23 

U.S.  Disciplinary  Barracks 

15 

Ward  2C 

7 

Obstetrics/Gynecology 

10 

Ward  2B 

3 

General  Surgery 

9 

U.S.  Disciplinary 

Community  Health  Clinic 

6 

Barracks  Wsrd 

1 

ESTIMATE  OF  < 

WORKLOAD  DURING  THE  EMU 

The  renovation  of  the 

Radiology 

Department  under  the 

EMU 
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project  ia  scheduled  for  August.  1986  through  April  1987.  No 
major  changas  ara  axpactad  in  tha  dasand  for  radiological 
examinations  during  this  pariod  as  coaparad  to  tha  prior  yaar. 
Tha  aatisatas  of  tha  axpactad  workload  ara  baaad  on  workload 
raeords  from  tha  Radiology  Dapartaant  and  tha  Patiant 
Administration  Division'' a  monthly  raport  on  rafarrala  of 
Supplaaantal  Cara  for  August  198S  through  April  1986.  Tha 
aatimataa  for  aach  thraa-month  pariod  during  tha  EHU  project  ara 
containad  in  Appandix  E. 

Tha  workload  aatimataa  could  not  simply  ba  axtractad  from 
tha  Radiology  Department's  monthly  workload  reports,  bacausa  tha 
dapartaant  raporta  workload  diffarantly  than  tha  way  tha 
workload  data  was  coll acted  during  tha  study  period.  For 
axampla,  thraa  different  views  of  tha  spina  for  a  single  patiant 
ara  counted  as  thraa  examinations  by  tha  Radiology  Dapartaant, 
while  they  would  have  bean  counted  as  a  single  examination 
during  tha  study.  Tha  summary  reports  also  contain  workload 
performed  outside  tha  normal  hours  of  operation  <i.e.  nights  snd 
weekends) .  Tha  study  pariod  only  covered  workload  performed 
during  normal  operating  hours  Monday  through  Friday  during  a 
four-weak  pariod.  To  eliminate  such  discrepancies,  workload 
data  from  the  Radiology  Dally  Register  (HACK  Form  252)  ware  used 
in  making  tha  estimates.  Tha  estimates  reflect  the  average 
number  of  requests  for  axsmlnationa  that  ara  expectct  during 
normal  operating  hours  for  a  four-week  pariod. 
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CONSTRAINTS  DURING  THE  EMU 


One  of  the  constraints  on  the  operation  of  the  Radiology 
Department  during  the  EMU  concerns  the  x-ray  equipment  that  will 
be  available.  The  General  Electric  will  be  the  only  machine 
available  during  the  first  three-month  period.  It  can  perform 
general  x-rays,  mammograms,  fluoroscopic  and  special  procedures. 
The  Phillips  and  Picker  machines  will  both  be  available  during 
the  second  three-month  period.  The  Phillips  machine  can  perform 
general  x-rays,  mammograms,  intravenous  pyelograms,  tomograms 
and  xerograms;  but  no  fluoroscopies.  The  Picker  machine  has 
essentially  the  same  capabilities  as  the  General  Electric 
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pa  and  General  Electric  machines  will  be 


available  during  the  last  three  months  of  the  EMU  project. 

With  only  one  machine  in  operation,  the  amount  of 
examination  room  time  available  will  be  minimal  during  the  first 
three  months  of  the  project.  The  170  hours  of  examination  room 
time  that  are  ostensibly  available  during  normal  operating  hours 
in  a  four-week  period  are  reduced  by  certain  factors.  A  review 
of  Maintenance  Requests  (DA  Form  2407)  for  the  General  Electric 
machine  revealed  that  it  was  down  for  repairs  or  maintenance  an 
average  of  14  hours  per  four-week  period  <8.2  percent  of  the 

The  contracted  mobile  computerized  tomography  service  and 
the  continuing  education  programs  routinely  take  the  radiologist 
out  of  the  department  for  four  hours  each  Thursday  afternoon  and 
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four  hours  on*  Friday  afternoon  a  month.  Although  tha 
axaaination  rooaa  are  still  available  for  general  x-ray 
examinations,  fluoroscopic  and  special  procedures  cannot  be  dona 
because  the  radiologist  is  not  available.  These  known  absences 
would  be  taken  into  account  in  determining  tha  number  of 
appointments  available  for  a  given  scheduling  system. 

Whenever  the  radiologist  is  unavailable  because  of  leave, 
temporary  duty,  illness,  etc.,  the  number  of  appointments  is 
further  reduced.  Given  the  scheduling  method  in  affect  during 
the  study  period,  appointments  for  47  fluoroscopic  and  special 
procedures  would  supposedly  have  been  available,  but  various 
absences  by  the  radiologist  reduced  the  number  available  to  41. 
As  discussed  earlier,  six  of  the  41  scheduled  patients  cancelled 
their  appointments,  so  only  35  (75  percent)  of  the  47 
appointments  that  would  supposedly  have  been  available  actually 
resulted  in  examinations  being  performed. 

The  Radiology  Department  did  not  identify  any  specific 
procedures  that  absolutely  must  be  done  in-house.  A  review  of 
the*  reports  on  referrals  of  supplemental  care  revealed  that 
essentially  all  types  of  examinations  have  been  referred  to 
other  facilities  at  some  time.  The  department  naturally  wants 
to  avoid  sending  any  inpatients  or  patients  requiring  only 
routine  x-ray  examinations  to  other  hospitals. 

As  illustrated  earlier,  the  patient  waiting  time  for  x-ray 
examinations  at  MACH  is  quite  long.  An  average  waiting  time  of 
94  minutes  for  patients  arriving  from  0930-1029  was  deemed  to  be 
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unacceptable.  Radiology  Department  personnel  consider  60 
minutes  to  be  the  maximum  acceptable  expected  average  waiting 
time  f<->r  patients  arriving  during  any  one-hour  period  if  only 
one  x-ray  machine  is  available.  The  maximum  acceptable  expected 
waiting  time  is  30  minutes  when  two  machines  are  available. 

ALTERNATE  SCHEDULING  METHODS 

The  oppoel^g  objectives  of  maximizing  the  number  of 
radiological  examinations  performed  in-house  while  keeping 
expected  patient  waiting  times  below  the  maximum  acceptable 
level  were  the  prime  considerations  in  developing  alternate 
scheduling  methods.  As  discussed  previously,  the  long  patient 
waiting  times  are  caused  by  large  numbers  of  patients  arriving 
early  in  the  day  when  fluoroecopic  and  special  procedures  are 
performed . 

The  waiting  tlmaa  experianced  by  patients  arriving  within  a 
glvan  one-hour  period  depend,  in  part,  on  the  time  required  to 
complete  the  examinations  for  those  patients  and  the  time 
required  to  complete  the  examinations  for  any  patients  who 
arrived  during  previous  hours  and  ara  still  waiting  for 
examinations.  Tabls  5  displays  the  average  tine  required  to 
complete  the  examinations  for  patients  arriving  during  each  hour 
of  the  dey  during  the  study  period,  and  tha  average  waiting 
timaa  they  experienced. 
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TABLE  5 


AVERAGE  EXAMINATION  COMPLETION  AND  PATIENT  WAITING  TIMES 

STUDY  PERIOD 
(In  Minutes) 


Avaraga 

Tima 

Cumulative 

Avaraga 

Required  to 

Variance 

Avaraga 

Daily 

Coaplata 

from 

Patiant 

Arrival 

Arrivala 

Examinations 

Service 

Waiting 

Hour 

Gan* 

F&  St> 

Gan 

FAS 

Total 

Capacity 

Tima 

0800 

8.83 

0.40 

87 

18 

105 

•*■45 

43 

0900 

4.93 

0.75 

49 

34 

83 

♦68 

87 

1000 

4.30 

0.55 

42 

25 

67 

♦75 

94 

HOO 

3.85 

0.10 

38 

5 

43 

♦58 

79 

1200 

2.85 

0.20 

28 

9 

37 

♦  35 

65 

1300 

3.13 

0.25 

31 

11 

42 

♦  17 

30 

1400 

2.90 

0.25 

28 

11 

39 

-4 

46 

1300 

3.00 

0.10 

29 

3 

34 

-30 

38 

1600 

1.10 

— 

11 

— 

11 

-49 

19 

*Gen  denotoa  ganaral  x- 

■raya. 

bF&S  denotes  fluoroscopic  and  special  examinations. 


Tha  avorago  daily  arrivala  for  gonaral  x-ray  and 
fluoroscopic  and  apacial  axaainationa  wera  dat.arminad  by 
dividing  tha  number  of  arrivala  in  Tabla  2  by  20,  ainca  each 
four-wash  pariod  containad  20  daya.  Tha  average  times  required 
to  couplets  tha  axasti nation*  war*  calculated  by  multiply.1. no  tha 
average  dally  arrivala  for  general  x-ray  and  fluoroscopic  and 
apacial  axaainationa  by  thair  avaraga  completion  times  of  9.8 
and  43. €  minutaa  raapactivaly .  Tha  cuaulativa  variance  from  tha 
aarvica  capacity  for  aach  arrival  hour  waa  calculated  by 
aubtracting  GO  from  tha  total  avaraga  tiaa  raquirad  to  coaplata 
tha  axaainationa  for  that  hour,  and  adding  tha  diffaranca  to  tha 
cuaulativa  variance  from  tha  pravioua  hour.  A  cuaulativa 
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variance  greater  than  zero  indicatea  that,  on  the  average,  the 
workload  excoeda  the  aervice  capacity  of  the  department  end  a 
backlog  of  patients  waiting  for  examinations  exists. 

The  average  time  required  to  complete  the  examinations 
exceeded  60  minutes  for  each  of  tho  first  three  hours  of  the 
day,  with  the  cumulative  variance  from  the  aervice  capacity 
reaching  73  minutes.  The  patients  arriving  from  0930-1029 
experienced  the  longest  average  waiting  time  because  they  had  to 
wait  for  the  backlog  of  patients  from  the  first  two  hours  of 
operation  to  be  examined.  The  average  times  required  to 
complete  the  examinations  were  less  than  60  minutes  for  the 
remaining  hours  of  the  day,  and  the  averago  patient  waiting 
times  continued  to  decrease  during  those  hours  as  the  backlog  of 
patients  diminished.  The  department  did  not  "catch  up"  with  the 
backlog  of  patients  until  the  cumulative  variance  from  the 
aervice  capacity  turned  negative  during  the  1400  arrival  hour. 
Therefore,  on  the  average,  the  excess  wozkload  of  ths  first 
three  hours  of  operation  effected  the  waiting  times  for  patients 
arriving  up  through  tha  1300  arrival  hour.  A  change  in  the 
scheduling  method  that  would  chango  tha  required  examination 
completion  time  for  any  of  tha  first  six  hours  of  ths  day  would 
affect  the  average  waiting  times  for  patianta  arriving  during 
subsequent  hours  until  1330. 

A  scheduling  method  that  ahlfta  patient  arrivals  into  the 
afternoon  hours  would  reduce  the  long  average  waiting  times  in 
ths  morning  hours,  but  shifting  the  pattern  of  patient  arrivals 
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would  b*  vary  difficult,  to  accomplish.  Moat  of  tha  fluoroscopic 
and  apacial  procaduras  raquir »  tha  patiant  to  fast  prior  o  tha 
axaaination.  Shifting  thaaa  axaainatlona  to  tha  aftarnoow  would 
incraaaa  patiant  diacoafort.  Ganaral  x-ray  axaainatlona  ara  not 
achadulad,  ao  tha  Radiology  Dapartaant  cannot  control  tha 
arrival  pattarn  of  thaaa  patianta.  It  ia  not  faaaibla  to 
achadula  thaaa  axaainatlona  bacauaa  of  thair  abort  duration, 
thair  acuta  natura,  and  tha  difficultiaa  that  would  ba 
ancountarad  in  coordinating  appointaanta  with  a  larga  nuabar  of 
outpatianta  and  raquaating  phyaiciana.  Othar  authors  hava 
raachad  tha  aaaa  conclusion  regarding  tha  faasibility  of 
achaduling  ganaral  x-ray  axaainatlona. 1 

Tha  only  apparant  aathod  to  Hasp  axpactad  patiant  waiting 
tiaas  balow  tha  60-ainuta  aaxiaua  accaptabla  laval  with  a  aingla 
oparational  x-ray  aachina  ia  to  raduca  tha  nuabar  of 
fluoroscopic  and  apacial  axaainations  achadulad  to  ba  parforaad 
ln-housa.  Two  altarnata  achaduling  aathoda  ara  propoasd  for  tha 
first  thraa-aonth  pariod  of  tha  EMU  projact. 

.  I . _ -  1  4  nM  MaVhnH  SI  <«  arhariilla  an* 

lia  wv*  ua  wv>  w*  —  —  —  — - - 

fluoroscopic  or  apacial  procadura  at  0900  and  ona  at  1300  daily 
(as  coaparad  to  tha  currant  aathod  of  achaduling  such 
axaainatlona  at  0900,  0945  and  1300).  Tha  0900  appointaant 
should  ba  raaarvad  for  axaainations  that  roquira  tha  patiant  to 
faat.  Tha  1300  appointaant  will  ba  uaad  for  axaainations  that 
do  not  raquira  tha  patiant  to  faat.  No  axaainatlona  will  ba 
achadulad  on  Thursdays  bacauaa  of  tha  aobila  CT  sarvica,  and  tha 


36 


1300  appointment  will  not  ba  scheduled  on  tha  day  that  tha 
radiologist  attends  tha  continuing  Radical  aducation  program. 

Alternate  Scheduling  Method  #2  is  to  achadula  only  one 
fluoroscopic  or  special  examination  at  1300  with  no  examinations 
scheduled  in  tha  mornings.  The  exceptions  noted  above  would  bo 
made  for  tha  mobile  CT  service  and  the  continuing  medical 
education  program. 

Unscheduled  fluoroscopic  and  special  exaainationa  (i.e. 
inpatients  and  outpatient  emergencies)  will  still  be  performed 
in-house  and  all  mammograms  will  still  be  sent  to  other 
facilities  under  both  alter  nets  scheduling  methods. 

Two  x-ray  machines  will  be  available  during  the  second  and 
third  three-month  periods  of  the  EMU.  The  Phillips  and  Picker 
rooms  will  ba  operational  during  tha  second  period  and  tha 
Phillips  and  General  Electric  rooms  during  the  third  period. 

The  General  Electric  and  Picker  machines  hsve  the  aeme 
capabilities,  so  the  same  scheduling  altarnativaa  would  apply  to 
both  time  periods.  In  tha  aubaaquant  discussion  of  tha 
alternate  scheduling  methods,  all  references  to  the  Picker 
machine  used  in  the  second  period  would  also  apply  to  tha  use  of 
the  General  Electric  machine  in  tha  third  period.  Two  alternate 
achaduling  methods  are  proposed  for  the  second  and  third 
three-month  periods  of  the  EMU  project. 

Alternate  Scheduling  Method  #3  is  to  perform  all  general 
x-ray  examinations  in  tha  Phillips  room.  Tha  relatively  few 
toaograme  end  xerograme  (only  three  par  month  are  estimated) 
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will  also  ba  schadulad  for  tha  Phillips  sachins  at  1300. 
Fluoroscopic  and  spacial  sxasinations  that  raquirn  tha  patiant 
to  fast  will  ba  schadulad  for  tha  Pickar  room  from  0730-1113 
daily.  Mammograms,  arthrograma  and  vanograss  will  also  ba 
achadulad  for  tha  Pickar  room  from  0730-1113  daily,  and  from 
1300-1300  aach  aftarnoon,  axcapt  on  Thursdays  and  ona  Friday 
aach  aonth.  Tha  nix  of  procaduraa  that  will  ba  appointad  if  tha 
sarvica  capacity  of  tha  dapartnant  is  not  sufficiant  to  do  all 
tha  axpactad  axaninations  will  aubaaquantly  ba  datarminad  with  a 
linaar  programming  tachniqua.  Tha  Pickar  machina  will  also  ba 
usad  for  any  unschadulad  fluoroscopic  and  spacial  axaminations 
occurring  throughout  tha  day. 


nikw  tfum 


chaduling  Msthcd  #4  is  to  davets  both  s-=hins«  to 


ganaral  x-ray  axaninations  from  0730-0330  daily.  Aftar  0830, 
all  ganaral  x-ray  axaminations  will  ba  parfornad  in  tha  Phillips 
room.  Tha  tomograms  and  xarograna  will  also  ba  dona  in  tha 
Phillips  room.  Fluoroscopic  and  spacial  axaninations  that 
raquira  tha  patiant  to  fast  will  ba  schadulad  for  tha  Pickar 
room  from  0830-1130  daily.  Mammograms,  srthrograms  snd 
vanograss  will  also  bs  schsdulad  from  0830-1130  daily,  and  as 
outlinad  abova  for  tha  aftarnoon  hours.  Tha  pravious  atatamants 
ragarding  tha  mix  of  procaduraa  and  unachadulad  axaminations 
slso  spply  to  this  schadulinq  mathod . 
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ESTIMATE  OF  EXPECTED  AVERAGE  WAITING  TIMES 


Tha  first  criterion  for  evaluating  the  alternate  scheduling 
methods  concerns  the  expected  average  waiting  times  for  patients 
arriving  within  a  one-hour  period.  The  maximum  acceptable 
expected  average  waiting  times  are  60  minutes  when  only  one 
examination  room  is  available  and  30  minutes  when  two 
examination  rooms  are  available. 

The  expected  average  waiting  tines  during  the  EMU  project 
for  each  alternate  scheduling  method  are  estimated  as  follows: 

1.  The  expected  hourly  distribution  of  patient  arrivals, 
given  the  particular  scheduling  method,  is  determined. 

2.  The  expected  average  timea  required  to  complete  the 
examinations  for  patients  arriving  during  each  hour  of  the  day 
and  the  cumulative  variances  from  the  service  capacity  are 
calculated.  The  department  is  expsetsd  to  sxperience,  on  ths 
average,  a  continuous  backlog  of  patients  during  consscutivs 
hours  of  operation  that  the  cumulative  variance  remains 
positive.  Ths  break-even  point  is  reached  when  the  cumulative 
variance  from  the  service  capacity  turna  negative.  If  the 
cumulative  variance  -from  the  service  capacity  ramaina  nagativa, 
tha  patiamt  waiting  timea  for  arrival  hours  subsequent  to  the 
break-evwn  point  will  not  be  influenced  by  a  backlog  of  patients 
and  ara  expected  to  average  leas  than  30  minutaa. 

3.  The  differences  between  tha  axpactad  average  times 
raquirad  to  completa  the  examinations  during  tha  EMU  projact  and 
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ths  avtraga  tine  required  to  complete  the  axaninationa  during 
the  study  psriod  ere  celculeted. 

4.  The  cumulative  differences  in  the  time  required  to 
complete  the  examinations  are  used  to  adjust  the  waiting  times 
observed  during  the  study  period  to  estimate  the  expected 
average  waiting  times  during  the  EMU  project.  The  adjustment  of 
waiting  times  applies  only  to  the  consecutive  hours  of  the  day 
until  the  break-even  point  is  reached. 

As  outlined  previously.  Alternate  Scheduling  Method  #1  for 
the  first  three-month  period  of  the  EHU  project  would  schedule 
f luoroscopies  and  special  examinations  at  0900  and  1300  daily, 
with  some  exceptions.  The  expected  hourly  distribution  of 
patient  arrivals  for  thia  scheduling  method  is  shown  in  Table  6. 


TABLE  6 

EXPECTED  DISTRIBUTION  OF  PATIENT  ARRIVALS 
ALTERNATE  SCHEDULING  METHOD  #1 


Arrival 

General 

Sched . 

Unsehsd . 

Total 

Hour 

X-Rays 

F&S 

F&S 

F&S 

0800 

187 

7 

1 

8 

0900 

105 

6 

3 

11 

1000 

91 

- 

1 

1 

11O0 

81 

- 

2 

2 

1200 

61 

- 

4 

4 

1300 

66 

4 

1 

5 

1400 

61 

2 

3 

5 

1500 

63 

- 

2 

2 

1600 

23 

- 

- 

— 

Total 

738 

21 

17 

38 

40 


Ths  expactad  distribution  of  ganeral  x-ray*  ia  baaad  on  tha 
assuaption  that  tha  hourly  distribution  of  unachadulad  patiant 
arrival*  during  tha  EMU  will  ba  tha  sa»a  a*  that  obaarvad  in  tha 
study  pariod.  Tha  expacted  avaraga  of  738  general  x-ray*  par 
four-weak  pariod  for  August-Octobar  1986  (fro*  Appendix  E>  wa* 
multiplied  by  tha  hourly  percentage  distribution  of  general 
x-ray*  fro*  Table  2.  Tha  number  and  distribution  of  unachadulad 
fluoroscopic  and  apacial  examinations  (inpatients  and  outpatient 
emergencies)  are  assumed  to  remain  the  sane  as  that  observed 
during  the  study  period.  The  elimination  of  the  0943 
appointment  slot  in  this  scheduling  method  is  reflected  in  the 
number  and  distribution  of  the  scheduled  fluoroscopic  and 
special  examinations  by  the  elimination  oi  14  patient  arrivals 
corresponding  to  those  obaarvad  in  tha  study  pariod  (see 
discussion  concerning  Table  2) . 

Table  7  shows  the  expected  average  timer,  required  to 
complete  the  examinations  for  patients  arriving  during  each  hour 
of  the  day  and  the  cumulative  variance  from  the  service 
capacity.  The  calculation  methods  uaad  and  the  setup  of  Table  7 
are  essentially  tha  same  e*  for  Table  5.  Since  the  cumulative 
variance  from  th«  service  capacity  turned  negative  during  the 
1400  arrival  hour,  the  adjustments  to  waiting  times  (see  Tables 
9  snd  10)  will  end  with  the  1300  srrivsl  hour,  and  the  welting 
timea  during  subsequent  hours  sre  expected  to  average  leas  than 
30  minutes. 


41 


TABLE  7 


EXPECTED  AVERAGE  EXAMINATION  COMPLETION  TIMES 
AND  CUMULATIVE  VARIANCE  FROM  SERVICE  CAPACITY 
ALTERNATE  SCHEDULING  METHOD  #1 


Average 

Average 

Time 

Cumulative 

Daily 

Required 

to 

Variance 

Arrivals 

Coaplete  Examinations 

from  Servici 

Arrival 

(In 

minutes) 

Capacity 

Hour 

Gen. 

F6S 

Gen . 

F&S 

Total 

(In  minutea 

0800 

9.35 

0.40 

92 

16 

110 

♦50 

0900 

5.23 

0.55 

51 

25 

76 

♦66 

1000 

4.55 

0.05 

45 

2 

47 

♦53 

1100 

4.05 

0.10 

40 

5 

45 

♦  38 

1200 

3.05 

0.20 

30 

9 

39 

♦  17 

1300 

3.30 

0.25 

32 

11 

43 

0 

1400 

3.05 

0.25 

30 

11 

41 

-19 

1500 

3.15 

0.10 

31 

5 

36 

-43 

1600 

1,15 

-- 

11 

-- 

11 

-62 

Table  &  depicts  the  differences  between  the  study  period 
end  Alternate  Scheduling  Method  #1  in  the  average  times  required 
to  coaplete  the  examinations  for  patients  arriving  during  each 
hour  of  the  day  up  to  the  break-even  point. 


TABLE  8 

DIFFERENCES  IN  AVERAGE  EXAMINATION  COMPLETION  TIMES  REQUIRED 
ALTERNATE  SCHEDULING  METHOD  #1 
(In  Minutea) 


Arrival 

Hour 

Study  Period 
(Observed) 

Alternate 
Method  «1 
(Expected) 

Difference 

Gummulative 

Difference 

0800 

105 

110 

♦  5 

♦  5 

0900 

83 

76 

-7 

-2 

1000 

67 

47 

-20 

-22 

1100 

43 

45 

♦2 

-20 

1200 

37 

39 

♦  2 

-18 

1300 

42 

43 

♦  1 

-17 

42 


Table  9  shows  the  estimates  of  the  axpactsd  avarsga  waiting 
tisaa  associatad  with  Altarnata  Scheduling  Method  #1  rasulting 
from  the  adjustment  of  waiting  times  observed  during  the  study 
period  by  the  cumulative  differences*  in  the  average  examination 
completion  times  required.  The  expected  average  waiting  timea 
for  the  0900  and  1000  arrival  hours  exceed  the  60-minute  maximum 
acceptable  expected  average  waiting  time. 


TABLE  9 


ESTIMATE  OF  EXPECTED  AVERAGE  WAITING  TIMES 
ALTERNATE  SCHEDULING  METHOD  #1 
(In  Minutes) 


Arrival 

Hour 


Study  Period 
Average  Patient 
Waiting  Time 
(Observed) 


Cumulative  Difference 
in  Average  Examination 
Completion  Time 
(♦  or  -) 


Expected 
Average 
Patient 
Waiting  Time 


0800 

47 

0900 

87 

1000 

94 

1100 

79 

1200 

65 

1300 

50 

*5 

52 

-2 

85 

-22 

72 

-20 

59 

-18 

47 

-17 

33 

ALTERNATE  SCHEDULING  METHOD _tt2 


The  estimate  of  the  expected  average  waiting  times  for 
Alternate  Scheduling  Method  #2  was  calculated  in  the  same  manner 
as  above  and  is  shown  in  Appendix  F  in  Tables  20-23.  Tables 
20-23  correspond  directly  to  Tables  6-9  above.  The  longest 
expected  average  waiting  time  associated  with  Alternate 
Scheduling  Method  #2  is  51  minutes,  which  meets  the  60-minute 
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criterion  for  the  aaxiaua  acceptable  waiting  tiae 


Alttrni&ft  SshiduUna  .Htthgd  t3 

The  eetiaate  of  expected  everage  waiting  tiaea  for 
Alternate  Scheduling  Method  #3  involvea  patient  arrivals  for  two 
exaaination  rooaa.  The  expected  distribution  of  patient 
arrivals  for  the  Phillips  rooa  is  shown  in  Table  10.  The 
expected  average  of  656  general  x-rays  per  four-week  period  for 
Noveaber  1966  through  January  1987  (froa  Appendix  E>  was 
distributed  according  to  the  hourly  distribution  observed  during 
the  study  period.  The  three  scheduled  fluoroscopic  and  special 
exaainationa  represent  the  toaograas  and  xerograas. 


TABLE  10 


EXPECTED  DISTRIBUTION  OF  PATIENT  ARRIVALS 
ALTERNATE  SCHEDULING  METHOD  #3 
(Phillips  Rooa> 


Arrival 

Hour 

0800 

0900 

lOCO 

1100 

1200 

1300 

1400 

1500 

1600 

Total 


General 

X-Rays 

166 

93 

81 

72 

54 
59 

55 

56 
20 

656 


Sched . 
FAS 


3 


3 


The  expected  nuaber  of  scheduled  patient  arrivals  for  the 
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Pickar  rooM#  displayed  in  Tabla  11,  la  baaad  on  tha  obcarvation 
during  tha  study  pariod  that  tha  nuabar  of  achadulad 
axaainationa  actually  parforaad  waa  only  75  parcant  of  tha 
nuabar  of  appointaanta  that  would  aupposadly  hava  baan  availabla 
undar  tha  achaduling  aathod  in  affact.  Altarnata  Schaduling 
Method  #3  would  auppoaadly  provida  ona  hundrad  45-ainut* 
appointaanta  froa  0730-1115  and  sixty  30-ainuta  appointaanta 
(tha  radiology  tachnicians  aatiaata  that  aaaaograas  taka  30 
ninutaa  to  coaplata)  froa  1300-1500  during  a  four-waak  pariod. 
Tha  actual  nuabara  of  achadulad  patiant  arrivals  ara  axpactad  to 
ba  75  and  45  during  tha  raspactiva  tiaa  parioda.  This 
calculation  waa  not  aada  for  Altarnata  Schaduling  Kathoda  #1  and 
*2  bacauaa  tha  axpactad  patient  arrival#  for  the##  asthods  wars 
astiaatad  by  adjusting  tha  nuabara  of  actual  patiant  arrivals 
obaarvad  during  tha  study  pariod.  Tha  nuabar  and  distribution 
of  unachadulad  fluoroscopic  and  apacial  axaainationa  ara 
axpactad  to  ba  tha  aaaa  aa  obaarvad  during  tha  atudy  pariod. 


45 


TABLE  11 


EXPECTED  DISTRIBUTION  OF  PATIENT  ARRIVALS 
ALTERNATE  SCHEDULING  HETHOD  #3 
< Picker  Rook) 


Arrival 

Hour 

Sched. 

FfcS 

Unsched . 
F&S 

Total 

FAS 

Mammograms 

0600 

20 

1 

21 

—  _ 

0900 

20 

3 

23 

-- 

1000 

20 

1 

21 

llOO 

15 

2 

17 

1200 

-- 

4 

4 

-- 

1300 

-- 

1 

1 

15 

1400 

3 

3 

20 

1500 

2 

2 

10 

1600 

— 

— 

— 

-  - 

Total 

75 

17 

92 

45 

Tha  expected  average  axcalnation  completion  times  and  tha 
cumulative  variance  from  the  aarvica  capacity  for  the  Phillip* 
and  Picker  rooca  art  shown  in  Tablaa  12  and  13.  Tha  cumulative 
variance  from  tha  aarvica  capacity  in  tha  Pickar  root  ia 
constantly  na^tlva,  ao  tha  waiting  tinaa  experienced  by 
patlanta  axaainad  in  tha  root  ara  axpactad  to  avaraga  laaa  than 
30  minute*  throughout  tha  day.  Tha  * aaa  is  true  for  tha 
Phillip*  room  beginning  with  tha  1000  arrival  hour. 
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TABLE  12 


EXPECTED  AVERAGE  EXAMINATION  COMPLETION  TIMES 
AND  CUMULATIVE  VARIANCE  FROM  SERVICE  CAPACITY 
ALTERNATE  SCHEDULING  METHOD  #3 
(Phillips  Room) 


Average 

Average 

time 

Cumulative 

Daily 

Required  to 

Variance 

Arrivals 

Complete  Examinations 

from  Service 

Arrival 

(In  minutes) 

Capacity 

Hour 

Gen . 

F&S 

Gen.  F&S 

Total 

(In  minutes) 

0800 

8.30 

—  — 

81 

81 

♦21 

0900 

4.65 

-- 

46 

46 

♦7 

lOOO 

4.05 

-- 

40 

40 

-13 

1100 

3.60 

35 

35 

-38 

1200 

2.70 

26 

26 

-72 

1300 

2.95 

0.15 

29  10 

39 

-93 

1400 

2.75 

27 

27 

-126 

1500 

2.80 

-- 

27 

27 

-153 

1600 

1.00 

io 

10 

-173 

TABLE  13 

EXPECTED 

AVERAGE  EXAMINATION 

COMPLETION 

TIMES 

AND  CUMULATIVE 

VARIANCE  FROM 

SERVICE  CAPACITY 

ALTERNATE  SCHEDULING 

METHOD  #3 

(Picker  Room) 

Average 

Average 

Time 

Cumulative 

Daily 

Required 

to 

Variance 

Arrivals 

Complete  Examinations 

from  Service 

Ax  rival 

(In  minutes) 

Capacity 

Hour 

b&S 

nammo 

fas  nammo 

Total 

(In  minutes) 

0800 

1.05 

_  _ 

48 

48 

-12 

0900 

1.15 

-- 

52 

52 

-20 

lOOO 

i  'v* 

-- 

48 

48 

-32 

ilOO 

0.85 

-- 

39 

39 

-53 

1200 

0.20 

9 

9 

-104 

1300 

0.05 

0.75 

2  23 

25 

-139 

1400 

0.15 

1.10 

7  33 

37 

-162 

1500 

0.10 

0.50 

5  IS 

20 

-202 

1600 

-- 

-- 

__ 

-- 

-232 

The  diffaronctf  between  Alternate  Scheduling  Method  #3  and 
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the  study  period  in  ths  avaragt  examination  completion  times 
required  for  the  Phillips  room  sre  cslculsted  in  Teble  14  end 
ere  used  to  celculete  the  expected  everege  petient  waiting  tines 
for  the  0600  end  0900  arrival  hours  in  Table  1?.  The  30-ninute 
waiting  tine  criterion  le  also  net  in  the  Phillips  roon  under 
Alternate  Scheduling  Method  #3. 


TABLE  14 


DIFFERENCES  IN  AVERAGE  EXAMINATION  COMPLETION  TIMES  REQUIRED 
ALTERNATE  SCHEDULING  METHOD  #3 
(Phillips  Roon) 

(In  Minutes) 


Arrival 

Hour 


Study  Period 
(Observed) 


Alternate 
Method  #1 
(Expected) 


Difference 


Cunnulative 

Difference 


0800  105 

0900  83 


81  -24  -24 

46  -37  -61 


TABLE  15 


ESTIMATE  OF  EXPECTED  AVERAGE  WAITING  TIMES 
ALTERNATE  SCHEDULING  METHOD  #3 
(Phillips  Roon) 

(In  ninui.es> 


Arrival 

Hour 


Study  Period 
Average  Patient 
Waiting  Tine 
(Observed) 


Cumulative  Difference 
in  Average  Examination 
Completion  Tine 
( ♦  or  - > 


Expected 
Average 
Petient 
Waiting  Tie# 


0800  47  -24  23 

0900  07  -61  26 


Alternate  Scheduling  Method  #4 


Alternate  Scheduling  Method  #4  would  schedule  fewer 


patients  for  examinations  than  Alternate  Scheduling  Method  #3. 
Since  Alternate  Scheduling  Method  #3  meets  the  30-minute  waiting 
tine  criterion  for  both  examinations  rooms,  the  same  can  be 
expected  for  Alternate  Scheduling  Method  #4. 

OPTIMAL  MIX  OF  SCHEDULED  EXAMINATIONS 

The  -final  step  in  determining  the  optimal  method  for 
schedulit.^  radiological  examinations  during  the  EMU  project  is 
the  us*  of  linear  programming  to  determine  the  mix  of  scheduled 
examinations  to  be  done  at  MACH  that  will  minimize  the 
expenditure  of  Supplemental  Care  funds  fov  examinations 
performed  at  other  hospitals.  However,  the  linear  programming 
technique  i«  not  needed  to  determine  the  optimal  mix  of 
echadulad  examinations  for  the  flret  three-month  period  of  the 
EMU  project.  Alternate  Scheduling  Method  #2,  which  schedules 
one  fluoroscopic  or  special  examination  per  day  at  1300,  is  the 
only  scheduling  method  that  meets  ths  60-minute  maximum 
allowable  average  waiting  time  criterion.  Fluoroscopic  and 
special  examinations  that  require  the  patient  to  fast  should  not 
be  scheduled  et  1300;  so  arthrograms,  tomograms  and  venograms 
ere  the  only  procedures  that  can  be  scheduled  under  Alternate 
Scheduling  Method  #2.  Only  seven  of  these  examinations  are 
expected  to  be  requested  during  eech  four-week  period  (Appendix 
E) .  All  seven  examinations  would  easily  be  accommodated  in  the 
schedule.  The  linear  programming  technique  ie  not  needed  to 
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determine  the  optimal  mix  of  scheduled  exaiination*  bacauaa  the 
tine  availble  in  not  a  constraint.^ 

Alternate  Scheduling  Methods  #3  and  #4  neat  the  waiting 
tine  criterion  for  the  aecond  and  third  thrae-nonth  perioda  of 
the  EMU  project.  Two  exanination  rooms  will  be  available  during 
these  tine  periods,  but  the  only  scheduled  exaainations 
performed  in  the  Phillips  roos  will  be  a  snail  number  of 
tomograms  and  xerograms,  so  linear  programming  is  not  needed  to 
determine  an  optimal  mix  of  scheduled  examinations  for  the  room. 

A  linear  programming  model  is  now  developed  to  determine 
the  optimal  mix  of  examinations  to  be  scheduled  for  the  Picker 
room  during  the  second  three-month  period  of  the  EMU  project 
under  Alternate  Scheduling  Method  #3.  The  scheduling 
constraints  that  apply  to  the  Picker  room  would  also  apply  to 
the  General  Electric  room  during  the  final  three  months  of  the 
EMU  project,  so  separate  models  will  not  be  constructed  for  that 
time  period. 

As  discussed  in  the  introduction  to  this  study,  an 
objective  function  that  maximizes  the  "payoff"  of  ixiaini'lorii 
achaduled  to  ba  done  at  MACH  can  ba  used  in  a  linear  programming 
model  to  minimize  the  expenditure  of  supplemental  care  funds  for 
examinations  aant  out  to  othsr  hospitals: 

number  of  eech  type 

Maximize:  Z*  coat  of  tha  of  examination 

examination  achaduled  at  MACH 
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where  Z  is  tho  dollar  valus  of  ths  payoff  realized  from  tha 
examinations  scheduled  at  MACH,  and  tha  cost  of  tha  examination 
is  tha  ancunt  MACH  would  hsva  to  pay  anothar  hospital  to  do  tha 
axssination. 

Tha  following  variables  era  used  to  dasignata  tha  number  of 
each  examination  to  be  scheduled  In  tha  Picker  room: 

XI  ■  Upper  gastrointestinal  X6  *  Arthrogram 

X2  31  Barium  Enema  X7  ■  Venogram 

X3  *  Barium  Swallow  X6  «  Intravenous  Pyelogrem 

X4  ■  Gall  Bladder  X9  ■  Other  Fluoroscopic 

X9  ■  Smell  Bowel  end  Special 

Follow-Through  X10  *  Mammogram 

The  amounts  chsrged  by  other  hospitals  for  the  above 
examinations  were  obtained  from  the  Patient  Administration 
Division.  Using  these  charges,  the  objective  function  becomes: 

Maximize:  Z  ■  *39X1  ♦  *60X2  ♦  *13X3  ♦  *33X4  ♦  *S0X3 

♦  *120X6  +  *130X7  +*110X6  ♦  #173X9  ♦  #60X10 

Tha  model  addresses  three  constraints:  (1)  tha  time 
available  for  scheduled  exa:  inatlons  that  must  be  performed  in 
the  morning,  <2>  the  total  time  available  for  scheduled 
examinations,  and  (3)  constraint  inequalities  that  prevent  the 
model  from  providing  a  quantity  of  an  examination  to  be 
scheduled  that  exceeds  the  expected  demand  for  that  particular 
examination. 

The  constraint  for  the  time  available  for  scheduled 
examinations  that  must  be  performed  in  the  morning  is  sxprssssd 
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32X1  *  47X2  +  15X3  +  20X4  +  60X5 

♦  0X6  ♦  0X7  ♦  45X6  +  53X9  +  0X10  1  4140  minutes 

Th«  non-zaro  coefficients  of  the  variables  represent  the  average 
times  required  to  complete  the  examinations.  These  times  were 
calculated  from  observations  made  during  the  study  period  or 
were  estimated  by  the  radiology  technicians  if  the  particular 
examination  was  not  performed  during  the  study  period.  The 
coefficients  for  X6,  X7  and  X10  are  zeros  because  arthrograms, 
venograms  and  mammograms  do  net  require  the  patient  to  feet. 
Alternate  Scheduling  Method  #3  cells  for  examinations  to  bs 
scheduled  from  0730  to  1115  daily.  Taking  into  account  the  6.2 
psreant  downtims  for  maintensnes  and  repairs  that  waa  noted  in 
the  review  of  the  maintenance  records,  the  4140  minutes  (69 
hours)  available  for  scheduled  examinations  that  must  be 
performed  in  the  morning  is  calculated  as  follows: 

(3.75  hours/day> (20)  -  <3. 75) (20) < .082)  »  69  hours  par 

4-waek  period 

Tha  second  constraint  ia  the  total  time  available  to  do 
scheduled  examinations.  This  constraint  is  expressed  as: 

32X1  +  47X2  +  15X3  +  20X4  +  60X5  ♦  45X6 

♦  60X7  ♦  45X6  +  53X9  +30X10  <_  5790  minutes 

The  coefficients  representing  the  time  required  to  complete 
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arthrogra.r.s,,  vonograKc  and  mammograms  ara  now  in  tha  constraint 
inequality.  Altarnata  Schaduling  Mathod  #3  calls  for 
examinations  to  ba  schadulad  from  1300  to  1500  on  IS  days  in 
aach  four-waak  period.,  which  provides  27.3  additional  hours  of 
available  axaaination  tlaa  according  to  tha  following 
calculation: 

(2  houra/day) <15>  -  (2) (15) < .062)  *  27.5  hours  par 

4-week  period 

Tha  third  constraint  is  expressed  as  tan  separata 
constraint  inequalities  that  will  prevent  tha  aodel  fro* 
generating  a  solution  that  calls  for  sore  of  a  particular 
examination  to  bo  scheduled  than  is  expected  to  h#  demanded. 

Tha  expected  demand  for  aach  type  of  axaaination  ia  shown  in 
Appendix  E ,  but  these  figures  include  both  scheduled  and 
unachadulad  examinations.  Tha  numbers  of  unscheduled 
examinations  observed  in  tha  study  period  ware  subtracted  from 
tha  quantities  shown  in  Appendix  E,  so  that  tha  constants  in  tha 
following  constraint  inequalities  represent  tha  expected  demand 
for  scheduled  examinations  during  a  four-waak  period. 

0.75X1  1  28  0.75X5  <  2  0.73X8  <  15 

0.75X2  <  15  0.75X6  i  2  0.75X9  <.  1 

0.75X3  <  4  0.75X7  <  2  0.75X10  <.  60 

0.75X4  £  5 


53 


The  coefficient  for  each  of  the  veriablee  is  0.75  because 


the  nuaber  of  examinations  actually  performed  during  the  study 
period  was  25  percent  leas  than  the  number  of  examinations  that 
supposedly  could  have  been  scheduled.  Patient  cancellations  and 
the  unavailability  of  the  radiologist  because  of  leave* 
temporary  duty*  illness*  etc.*  resulted  in  35  scheduled 
examinations  being  performed  when  47  appointments  were 
supposedly  available. 

The  model  was  run  on  a  linear  programming  computer  program. 
The  printout  of  the  optimal  solution  generated  by  the  computer 
appears  in  Appendix  G.  The  solution  is  also  displayed  in  a  more 
comprehendible  format  in  Table  16. 


TABLE  16 

OPTIMAL  MIX  OF  SCHEDULED  EXAMINATION? 
ALTERNATE  SCHEDULING  METHOD  #3 


Examinations  Variable 

Nuaber 
of  Exams 
to  be 
Scheduled 

Number 
of  Exams 
Expected 
to  be 
Performed 

Expacta 

Demand 

Upper  Gastrointestinal 

XI 

33.3 

25 

26 

Barium  Enema 

X2 

20 

15 

15 

Barium  Swallow 

X3 

0 

0 

4 

Gall  Bladder 

X4 

6.7 

5 

5 

Small  Bowel 

Follow-Through 

X5 

0 

0 

2 

Arthrogram 

X6 

2.7 

2 

2 

Venogram 

X7 

2.7 

2 

2 

Intravenous  Pyelogrem 

Xfl 

20 

15 

15 

Other  Fluoroscopic 
and  Special 

X9 

1.3 

1 

1 

Mammogram 

X10 

80 

f.O 

60 
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The  valuta  of  the  priatal  variablaa  in  the  coaputar  printout 
correspond  to  tha  nuaba' a  of  axaainationa  to  ba  scheduled.  Tha 
nuabara  of  axaainationa  axpactad  to  ba  parforaad  ara  75  parcant 
of  tha  nuabara  of  axaainationa  to  ba  achadulad.  Altarnata 
Schaduling  Mathod  #3  ia  axpactad  to  accomodate  all  of  tha  daaand 
for  axaainationa  axcapt  for  thraa  uppar  gaatrointaatinal,  four 
barium  swallow  and  two  aaall  bowal  follow-through  axaainationa. 
MACH  would  hava  to  pay  *297  to  hava  thaaa  axaainationa  parforaad 
at  anothar  hoapital. 

Tha  linaar  programming  modal  to  dataraina  tha  optimal  mix 
of  axaainationa  to  ba  achadulad  for  tha  Pickar  room  undar 
Altarnata  Schaduling  Mathod  #4  for  tha  aacond  thraa-aonth  pariod 
of  tha  EMU  project  ia  almost  identical  to  the  above  nodal.  Tha 
conatanta  for  tha  first  two  constraint  inaqualitiaa  ara  tha  only 
nuabara  that  changa.  Altarnata  Schaduling  Mathod  #3  providaa 
thraa  hours  aach  morning  for  achadulad  axaainationa,  so  tha  time 
available  during  tha  morning  in  a  four-waak  pariod  drops  from 
4140  to  3300  minutaa.  Tha  total  time  available  drops  from  5790 
to  4950  minutaa.  Tha  computer  printout  of  tha  optimal  solution 
for  this  modal  ia  shown  in  Appandix  H.  The  comparison  of  tha 
numbers  of  axaainationa  axpactad  to  ba  scheduled,  performed  and 
demanded  ia  presented  in  Table  17. 


55 


TABLE  17 


OPTIMAL  MIX  OF  SCHEDULED  EXAMINATIONS 
ALTERNATE  SCHEDULING  METHOD  #4 


Examinations  Variable 

Number 
of  Exams 
to  bs 
Schsduled 

Number 
of  Exems 
Expected 
to  be 
Performed 

Expects 

Demand 

Upper  Gastrointestinal 

XI 

7 

5 

28 

Barium  Enema 

X2 

20 

15 

15 

Barium  Swallow 

X3 

0 

0 

4 

Gall  Bladder 

X4 

6.7 

5 

5 

Small  Bowel 

Follow-Through 

X5 

0 

0 

2 

Arthrogram 

X6 

2.7 

2 

2 

Venogram 

X7 

2.7 

2 

2 

Intravenous  Pyelogram 

xa 

20 

15 

15 

Other  Fluoroscopic 
end  Special 

X9 

1.3 

1 

1 

Nammogram 

X10 

80 

60 

60 

Tuanty-thrM  upper  gaatrointeatinal,  four  barium  swallow 
and  two  aaall  bowal  follow-through  examinations  would  bs  sent  to 
othsr  hospitals  under  Alternate  Scheduling  Method  #4,  These 
procedures  would  cost  MACH  #1077  per  four-week  period. 

The  models  for  Alternate  Scheduling  Methods  #3  and  #4  were 
each  run  a  second  time  to  see  what  the  optimal  mix  of  scheduled 
examinations  would  be  if  the  projected  demand  for  each  type  of 
examination  increased  by  25  percent.  The  computer  printouts  of 
the  results  are  at  Appendixes  I  and  J.  The  comparison  of  the 
numbers  cf  exeminations  to  be  scheduled,  performed  and  demanded 
are  displayed  in  Tables  18  and  19. 


TABLE  18 


OPTIMAL  MIX  OF  SCHEDULED  EXAMINATIONS 
ALTERNATE  SCHEDULING  METHOD  03 
(25*  Workload  IncriaM) 


Examinations  Variable 

Number 
of  Exams 
to  be 
Scheduled 

Number 
of  Exams 
Expected 
to  be 
Performed 

Expectei 

Demand 

Upper  Gastrointestinal 

XI 

0 

0 

35 

Barium  Enema 

X2 

24.7 

19 

19 

Barium  Swallow 

X3 

0 

0 

5 

Gall  Bladder 

X4 

0 

0 

6 

Small  Bowel 

Follow-Through 

XS 

0 

0 

3 

Arthrogram 

X6 

4 

3 

3 

Venogram 

X7 

4 

3 

3 

Intravenous  Pyelogram 

X8 

25.3 

19 

19 

Other  Fluoroscopic 
and  Special 

X9 

1.3 

1 

1 

Mammogram 

X10 

100 

75 

75 

The  optimal  nix  of  achadulad  examl nations  undar  Alternate 
Scheduling  Method  03  with  a  25  percent  increase  in  expected 
demand  would  send  35  upper  gaatrointeatinal ,  five  barium 
awallow,  six  gall  bladder  and  three  email  bowel  follow-through 
examinations  to  other  hospitals  at  a  coat  of  01785.  In  addition 
to  the  above  examinations,  14  barium  enemas  would  be  sent  out 
under  Alternate  Scheduling  Method  #4  for  a  total  cost  of  02905. 
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TABLE  19 


OPTIMAL  MIX  OF  EXAMINATIONS 
ALTERNATE  SCHEDULING  METHOD  #4 
<25x  Workload  Incraaaa) 


Examinations  Variable 

Upper  Gastrointestinal 

XI 

Barium  Enema 

X2 

Barium  Swallow 

X3 

Gall  Bladder 

X4 

Small  Bowel 

Follow-Through 

X5 

Arthrogram 

X6 

Venogram 

X7 

Intravenous  Pyelogram 

X8 

Other  Fluoroscopic 

and  Special 

X9 

Mammogram 

X10 

Number 

Number 

of  Exams 

of  Exams 

Expected 

to  be 

to  be 

Expectei 

Scheduled 

Performed 

Demand 

0 

0 

35 

6.8 

5 

19 

0 

0 

5 

0 

0 

6 

0 

0 

3 

4 

3 

3 

4 

3 

3 

25. 3 

19 

19 

1.3 

1 

1 

100 

75 

75 
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FOOTNOTES 


^Howard  M.  Blanker,  Geoffrey  T.  Froaae,  and  Robert  B. 
Toffler,  "Patient  Scheduling  System  Improves  Productivity," 
Hoapltala  55  (16  April  1981): 71. 

^Richard  I.  Levin,  Char las  A.  Kirkpatrick,  and 
David  S.  Runib.  OmmUfegUyi  ABBEgashia  ts.  JliaB3§atnt 
(Naw  York:  McGraw-Hill  Book  Company,  1962),  p.  335. 
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III.  CONCLUSIONS  AND  RECOMMENDATIONS 


CONCLUSIONS 

This  study  was  to  dstsrsins  ths  optimal  method  of 
scheduling  radiological  examinations  during  ths 

electrical-mechanical  upgrade  project  at  Munson  Arey  Community 
Hospital.  Sines  ths  hospital  will  have  only  on®  sxaaination 
rooo  during  ths  first  thrss  months  and  two  examination  rooms 
during  the  final  six  month*  of  ths  project,  two  alternats 
scheduling  methods  were  formulated  and  evaluated  for  each  of  the 
periods. 

Alternate  Scheduling  Method  #1  would  eliminate  the  0945 
appointment  slot  from  the  current  method  of  scheduling 
fluoroscopic  and  special  examination®  at  0900,  0945  and  1300. 

The  analysis  revealed  that  the  average  waiting  times  for 
patients  arriving  during  the  0900  and  1000  arrival  hours  would 
be  85  and  72  minutes  respectively,  which  exceed  the  60-minute 
maximum  average  waiting  time  criterion. 

Alternate  Scheduling  Method  #2  wculd  eliminate  both  the 
0900  and  0945  appointment  slot*.  The  longest  expected  average 
patient  waiting  time  under  this  scheduling  method  is  51  minutes 
for  the  0900  arrival  hour,  which  meots  the  waiting  time 
criterion.  Alternate  Scheduling  Method  #2  is  consequently 
selected  as  the  optimal  scheduling  method  for  the  first  three 
months  of  the  EMU  project.  Since  the  number  of  appointments 
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that  will  be  available  for  the  ranaining  1300  appointment  iot 
•xcatda  thm  Witpacted  demand  for  examinations*  at  that  hour,  it 
warn  not  necessary  to  uaa  linear  programming  to  determine  the 
optimal  mix  of  examinationa  to  be  scheduled. 

Alternate  Scheduling  Method  #3  devotee  the  Picker  or 
General  Electric  examination  rooma  to  scheduled  examinations 
from  0730-1115  and  1300-1500  dally  during  the  last,  six  months  of 
the  EMU  project.  The  analysis  revealed  that  the  service 
capacity  of  this  room  would  exceed  the  average  time  that  would 
be  required  to  complete  the  examinatione  for  each  arrival  hour 
of  the  day,  ao  patient  waiting  time  ia  expected  to  avrs "age  leas 
than  30  minutes. 

The  Phillips  room  is  left  to  perform  ell  the  the  general 
x-ray  examinatione.  Although  the  average  time  required  to 
complete  the  examinatione  would  exceed  the  aervice  capacity  of 
the  Phillips  room  during  the  0800  arrival  hour,  the  expected 
average  patient  waiting  times  ere  only  23  end  26  minutes  for  the 
0800  and  0900  arrival  houra,  ao  tha  30-minut«  patiant  waiting 
time  criterion  is  sst  by  both  examination  rooma  under  Alternate 
Scheduling  Method  #3. 

Alternate  Scheduling  Method  #4  devotes  both  available 
examination  rooma  to  ganaral  x-ray  axaminationa  from  0730-0830 
daily.  This  result*  in  a  45-minuta  raduction  in  the  time 
available  for  scheduled  examinatione  in  the  Picker  end  General 
Elactric  examination  rooma.  Since  Alternate  Scheduling  Method 
#4  would  schedule  fewer  examinatione  than  Alternate  Scheduling 
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Method  #3,  Alternate  Scheduling  Method  #4  will  alto  meat  the 
30-minute  patient  welting  time  criterion. 

The  optimal  mix  of  examination*  to  be  scheduled  was 
determined  through  linear  programming  techniques  for  both 
scheduling  method  alternatives.  Alternate  Scheduling  Method  #3 
nearly  meets  ths  expected  demand  for  examinations.  It  is 
projected  that  only  nine  patients  would  be  aert  to  othar 
hoapitals  for  examinations  coating  a  total  of  9297  in  a 
four-week  period. 

The  optimal  mix  of  examination  to  be  scheduled  under 
Alternate  Scheduling  Method  #4  would  fall  short  of  the  expected 
demand  by  29  patients.  Ths  examinations  performed  by  other 
hospitals  for  these  patients  would  cost  the  hospital  91077  per 
four-week  period. 

Both  alternate  scheduling  methods  meet  the  waiting  time 
criterion.  Alternate  Scheduling  Method  93  Is  selected  as  the 
optimal  scheduling  method  for  the  final  six  months  of  ths  EMU 
project  because  It  would  send  20  fewer  patients  to  other 
hospital*  for  axes i nation*  each  four-week  period  at  a  savings  of 
9760. 


RECOMMENDATIONS 

Convarsion  from  the  currant  mathod  cf  scheduling 
examinations  to  Altarnate  Scheduling  Mathod  #2  would  force  MACH 
to  pay  for  about  30  additional  fluoroscopic  and  apacial 
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examination*  with  Supplemental  Care  fund*  every  four  wtek* . 
Assuming  the  distribution  of  the  exaeinatlons  sent  out  ie  the 
seme  as  the  distribution  of  exasinations  that  are  expected  to  be 
deaanded  (Appendix  E) ,  the  30  exasinations  would  cost  MACH 
approximately  £2250. 

The  Patient  Administration  Division  would  be  affected  by  a 
change  to  Alternate  Scheduling  Method  U2.  The  two  Health 
Benefits  Advisors  are  responsible  for  scheduling  patients  for 
examinations  end  for  all  the  other  administrative  matters 
associated  with  the  referral  of  examinations.  They  would  have 
to  shoulder  the  administrative  burden  of  30  additional  referrals 
every  four  weeks. 

This  study  identified  the  optimal  acheouling  method  for  a 
given  eet  of  constraints  and  critsria.  The  60-minute  maximum 
acceptable  average  waiting  time  criterion  was  established  before 
the  coets  of  meeting  it  were  known.  The  additonal  costa 
identified  above- -monetary  and  adminiatrative--should  be 
compared  to  the  benefits  of  reducing  the  longest  hourly  average 
patient  waiting  time  fro*  94  to  51  minutes  before  Alternate 
Scheduling  Method  #2  ie  adopted. 

Alternate  Scheduling  Method  #3  cal la  for  d0  mammograms  to 
be  scheduled  during  each  four-week  period.  The  Radiology 
Department  should  schedule  one  mammogram  each  morning  in 
addition  to  the  four  that  would  be  scheduled  aach  afternoon  in 
order  to  meet  the  projected  demand. 

The  maximum  acceptable  waiting  time  for  an  appointment  that 
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is  noted  on  the  examination  request  should  no  longer  bo  the  only 
factor  used  to  decide  whether  a  given  fluoroscopic  01  special 
procedure  ia  done  at  HACH  or  at  aoae  other  facility.  By 
comparing  the  examinations  to  be  scheduled  in  Tables  16  and  16, 
it  can  be  seen  that  the  upper  gastrointestinal  examinations 
should  be  given  priority  for  referral  under  Supplemental  Care  if 
the  demand  for  examinations  that  ia  actually  experienced  during 
t:  a  last  six  months  of  the  EMU  project  exceeds  the  projections 
in  Appendix  E. 
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v"-'  APPENDIX  B  ' ' 

RADIOLOGY  DAILY  PROCEDURE  SCHEDULE 


DATE_ 


0730  Hours 


PATIENT  INFORMATION 


0815  Hours 


0900  Hours 
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APPENDIX  D 


STUDY  PERIOD  DATA  BASE 
Explanation  of  Data  Elaaanta 


Coluan  #l:  Racord  number 

Tha  ooaputar  program  conaacutively  nuabtra  aach  racord  aa 
tha  data  alaaanta  ara  antarad  Into  tha  data  baaa. 

Coluan  #2:  Day  that  tha  axaainatlon  was  parforaad 

FRI1  atanda  for  Friday  of  tha  flrat  waak,  hON3  etanda  for 
Monday  of  tha  third  waak,  ate. 

Coluan  #3:  Sarvica  that  raquaatad  tha  axaainatlon 


Tha  abbravietiona  atand  for  tha  following  aervicea: 


ALGY 

Allargy  Clinic 

OBGY 

Obatatrica/ Gynecology 

COKK 

Coanunity  Haalth  Sarvica 

ORTH 

Orthopadica 

DENT 

Dantal  Clinic 

PEDS 

Paaiatrica 

EENT 

Eyaa,  E«r«,  Noaa 

PT 

Phyaical  Therapy 

and  Throat  Clinic 

SURG 

Ganaral  Surgery 

EMER 

Eaargancy  Rooa 

WD2B 

Ward  2B 

FAMP 

Family  Practice  Clinic 

WD2C 

Ward  2C 

GOPC 

Ganaral  Outpatient  Clinic 

WD3B 

Ward  3B 

I  NTH 

Internal  Madicina 

MODB 

U.S.  Diaciplinery 

HEDX 

Radical  Exam  Clinic 

Barracka  Ward 

MENT 

Mental  Health  Clinic 

USDB 

U.S.  Diaciplinary 

Barracks  Clinic 


«->oxuan  if1*  ■  i  Ox  p«r*CrSvd 

Tha  abbraviationa  atand  for  tha  following  typaa  of 
axaainot iona : 


ABD 

Abdominal  Seriea 

KUB 

Kidnaya/Uratara/Bladdar 

ARTH 

Arthrogram 

MULT 

Multiple  Examinationa 

BE 

Barium  Enema 

SPEC 

Other  Special  Exaalnationa 

CHST 

Chaat/Rlba 

SPIN 

Spina 

EXTR 

Extrenetiaa 

TOMO 

Tomogram 

FLUR 

Other  Fluoroacopic 

UGI 

Upper  Gaotrointemtinal 

HEAD 

Haad/Slnua 

XERO 

Xerogram 

I  VP 

Intravenous  Pyalograa 
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Column  #5:  Arrival  hour 


Hour  of  tha  day  that  tha  patlant  arrived  in  tha  radiology 
dapartaant  la  notod  aa  follows: 


0800:  0730-0829 
0900:  0830-0929 
1000:  0930-1029 
1100:  1030-1129 
1200:  1130-1229 


1300:  1230-1329 
1400:  1330-1429 
1500:  1530-1529 
1600:  1530-1600 


Column  #6:  Waiting  tima 


Tha  waiting  tima  la  tha  numbar  of  minutaa  from  tha  tima  tha 
patlant  errivad  at  tha  Radiology  Department  until  tha  patlant 
antarad  tha  examination  room. 


Column  #7:  Sarvica  tima 

Tha  aarvica  tima  ia  tha  numbar  of  minutaa  that  tha  patlant 
actually  occuplad  tha  examination  room. 

Column  #8:  Transition  tira 

Tha  transition  tima  is  tha  numbar  of  minutaa  elapsed  from 
tha  tima  a  patlant  departs  tha  examination  room  until  the  next 
patient,  who  has  baan  waiting,  enters  the  examination  room. 
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00215 

FR  1 2 

FEDS 

I  VP 

u80<-> 

21 

45 

8 

00216 

FR  1 2 

FAMP 

CHST 

0800 

108 

!=• 

K-i 

1 

00217 

FR  1 2 

FEDS 

SPIN 

0800 

115 

■o 

0 

00218 

FR  1 2 

FAMP 

SPIN 

0800 

1  16 

4 

10 

002 1 9 

FR  1 2 

FAMP 

CHST 

0800 

129 

4 

0 

00220 

FR  1 2 

ORTH 

EXTR 

0300 

131 

~*T 

1 

0022 1 

FR  1 2 

EMER 

EXTR 

0800 

137 

4 

4 

00222 

FR  I  2 

FAMP 

EXTR 

0800 

1 43 

1 

2 

00223 

FR  1 2 

ORTH 

EXTR 

0900 

88 

1 

1 

00224 

FR  I  2 

GOPC 

CHST 

0900 

81 

1 

00225 

FR  1 2 

REDS 

EXTR 

0900 

81 

cr 

4-J 

1 

00226 

FR  1 2 

GOPC 

MIJLT 

0900 

84 

6 

7 

00227 

FR  1 2 

PEDS 

EXTR 

1  ouu 

42 

'31 

•~\ 

00228 

FR  1 2 

EMER 

EXTR 

1000 

45 

'P 

7 

00229 

FR  1 2 

PEDS 

CHST 

0900 

94 

4 

6 

00230 

FR  1 2 

USDB 

EXTR 

1 000 

25 

1 

0023 1 

FR  1 2 

U5DB 

CHST 

1 000 

28 

1 

1 

00232 

FR  1  2 

USDB 

HEAD 

].  000 

31 

O 

7 

00233 

FR  1 2 

GOPC 

EXTR 

1 000 

75 

“T 

1 

00234 

FR  1 2 

FAMP 

CHST 

1 000 

78 

5 

5 

00235 

FRJ.2 

PEDS 

EXTR 

1 000 

60 

2 

2 

00236 

FR  1 2 

I NTM 

EXTR 

1 000 

56 

2. 

3 

00237 

FR  1 2 

PT 

EXTR 

1 1 00 

43 

4 

0 

00238 

FR  1 2 

SUR6 

CHST 

1 1 00 

57 

T 

7 

00239 

FRI2 

FAMP 

EXTR 

1 1 00 

45 

*'? 

i 

00240 

FR  1 2 

FAMP 

CHST 

1 1 00 

47 

7 

1 

0024 1 

FR  1 2 

FAMP 

CHST 

1 100 

36 

1 

7 

00242 

FR  1 2 

ORTH 

EXTR 

1200 

21 

3 

9 

00243 

FR  1 2 

WDDB 

EXTR 

1200 

8 

0 

5 

0024  4 

F  R  3  2 

EMER 

EXTR 

1200 

5 

T 

9 

00245 

FR  1 2 

ALGY 

MULT 

0800 

88 

17 

7 

."4  l-\  H  J 

r  ri  I  2 

t  kitw 
J.  11 

r'  i  1 1 1  "r 

1 

i  n  t~\ 

J.  *TV'' 

~7 

1  l. 

X 

00247 

FRI2 

GOPC 

SPIN 

1  400 

45 

14 

6 

00248 

FR  1 2 

EMER 

SP I N 

1  400 

39 

28 

0 

00249 

FR  1 2 

EMER 

SPIN 

1  400 

73 

;t 

6 

00250 

FR  1 2 

GOPC 

EXTR 

1 500 

31 

n 

1 

0025 1 

FR  1 2 

FAMP 

SPIN 

1 500 

r~yf”y 

10 

8 

00252 

FR  1 2 

EMER 

EXTR 

1500 

38 

4 

0 

00253 

FR  1 2 

GOPC 

EXTR 

1600 

23 

4 

0 

75 


LIST 

FOR  DAY-  '  110 N 2  ' 

00254 

M0N2 

,-AMP 

SPIN 

0800 

1  1 

19 

1 

00255 

MON  2! 

MEDX 

CHST 

0800 

30 

1 

00256 

M0N2 

MEDX 

CHST 

0800 

-rcr 

wJ 

1 

10 

00257 

M0N2 

GQF'C 

HEAD 

UBOO 

36 

4 

o 

00258 

M0N2 

OF:  FH 

EXTR 

0800 

'"ter 

17 

6 

00259 

M0N2 

MEDX 

CHST 

0800 

37 

O 

5 

00260 

MON  2 

ORTH 

EXTR 

0800 

■S6i 

5 

T 

0026 1 

MON  2 

MEDX 

CHST 

0800 

44 

n 

1 

00262 

MON  2 

I IMTM 

I  VP 

0900 

7  7 

1 

00263 

MON  2 

ORTH 

EXTR 

1  (j(jn 

31 

1 

10 

00264 

M0N2 

WD33 

CHST 

1  n  (.)(..) 

12 

1 

00265 

MON  2 

OBGV 

I  VP 

1  000 

58 

*LsJ 

9 

00266 

M0N2 

I  NT  Ml 

HEAD 

loon 

49 

5 

1 

00267 

MON  2 

ORTH 

EXTR 

1  J.  00 

35 

37 

00268 

M0N2 

ND3B 

BE 

1  200 

5 

'"J 

3 

0  U  2  6  9 

MON  2 

EMER 

SPIN 

1  'J.  00 

88 

7 

i 

00270 

MON  2 

EMER 

CHST 

1 300 

1 

3 

0027 1. 

MON  2 

INTM 

MULT 

1 1 00 

1 05 

4 

0 

0i  272 

M0N2 

OR 'I  H 

EXTR 

1 1 00 

83 

;■*; 

"T 

00273 

MON  2 

GQF'C 

HEAD 

1 200 

66 

10 

4 

/  4 

nuTTZ 

UR  T  ri 

, —  \/  -r  i— . 

rr_  A  i  i  ■» 

1  2/' )0 

'T  A 
/  ** 

1  l"\ 

X 

0027': 

MON  2 

EMER 

HEAD 

1 300 

12 

7 

o 

00276 

MON  2 

FAME' 

CHST 

1  300 

1  0 

1 

00277 

M0N2 

FAMP 

MULT 

1 300 

8 

16 

0 

00278 

M0N2 

MEDX 

EXTR 

5.400 

9 

O 

LJ 

13 

00279 

MON  2 

WD3B 

BE 

1 400 

0 

CD 

in 

0 

00280 

MON  2 

RQPC 

CHST 

J.  400 

41 

10 

17 

0028 1 

MON  2 

OR'.'H 

EXTR 

14  00 

63 

1 

00232 

MON  2 

WD3B 

CHST 

1 500 

60 

0 

00233 

M0N2 

MEDX 

EXTR 

1600 

0 

o 

7b 


LIST  FOR  DAY  =  '  7 I.JE2  ' 


00284 

TUE2 

INTM 

EXTR 

0800 

7 

1 

A 

0 

00285 

TUE2 

lvi  E  D  X 

CH3T 

0800 

& 

T 

4 

00286 

TLIE2 

ORTH 

EXTR 

0800 

3 

4 

1 

00287 

TIJE2 

MEDX 

CHST 

0800 

5 

1 

6 

00288 

TUE2 

WD2B 

CHST 

0800 

30 

4 

b 

00289 

TIJE2 

F’T 

EXTR 

0800 

1:. 

5 

8 

00290 

TI.JE2 

FAMP 

EXTR 

0800 

13 

6 

”T 

0029 1 

TLJE2 

MEDX 

CHST 

0800 

29 

2 

00292 

TLJE2 

EMER 

CHST 

0900 

6 

4 

T 

00293 

TIJE2 

GOPC 

EXTR 

0900 

13 

■* ) 

/ 

7 

00294 

TLJE2 

INTM 

BE 

0900 

1 6 

b  1 

2 

00295 

TUB  2 

ORTH 

EXTR 

0900 

62 

4 

0 

00296 

I  LIE  2 

GOPC 

UG I 

0900 

62 

30 

00297 

TUE2 

Mrr.'X 

CHST 

0900 

107 

4 

i 

00298 

TIJE  2 

ORTH 

EXTR 

0900 

96 

4 

00299 

TUE2 

INTM 

EXTR 

0900 

90 

7 

r-y 

00300 

TUE2 

INTM 

EXTR 

0900 

1 00 

'7  '~T 

0 

0030 1 

THE  2 

ORTH 

EXTR 

1  100 

46 

10 

o 

00302 

1  LIE  2 

MEDX 

CHST 

1  000 

1  12 

"7 

1 

00303 

THE  2 

ORTH 

SPIN 

1 000 

95 

13 

1 

00304 

TLJE2 

ORTH 

EXTR 

1000 

97 

S 

2 

OU3o5 

TL.JE2 

MEDX 

CHST 

1  OoO 

124 

2. 

0 

00306 

T  I.JE2 

ORTH 

EXTR 

1 000 

1  03 

4 

1 3 

00307 

TLJE2 

ORTH 

SPIN 

1 000 

104 

14 

1 

00308 

TI.JE2 

BOP  C 

CHST 

1 1 00 

1  03 

9 

1.3 

00309 

TUE2 

REDS 

SPIN 

1 .1. 00 

123 

*T 

3 

00310 

TUE2 

GOPC 

SPIN 

1 1 00 

122 

4 

i 

003 1  1 

TUE2 

ORTH 

EXTR 

1 200 

84 

1 

8 

003 1 2 

TUE2 

GOF'C 

CHST 

1 200 

83 

4 

1 

003 1 3 

TI.JE2 

FAMP 

EXTR 

1200 

89 

••T 

2 

003 1.  4 

TIJE2 

INTM 

CHST 

1200 

77 

T 

003 1 5 

TI.JE2 

ORTH 

EXTR 

1200 

103 

f"\ 

b 

003  i  6 

TUE2 

GOPC 

CHST 

1 300 

33 

b 

1 

003 1 7 

TUE2 

EMER 

EXTR 

1 200 

74 

4 

0 

003  1 8 

TUE  2 

OE'T  H 

EXTR 

1 30  <3 

1 

i 

00319 

T  LIE  2 

FAMP 

SPIN 

1 300 

30 

T 

i 

00320 

THE  2 

GOPC 

CHST 

1 300 

17 

T 

i 

0032 1 

TUE2 

ORTH 

EXTR 

j.  400 

14 

3 

8 

00322 

THE  2 

EMER 

EX'TR 

1400 

27 

9 

1 

( )i  i 3 2 3 

"1  LIE  2 

INTM 

SP I N 

1  400 

u.- 

■A.  v.I 

15 

1 

00324 

TUE2 

MEDX 

CHST 

1400 

28 

•L 

6 

00325 

TUB  2 

ORTH 

EXTR 

1400 

29 

7 

4 

00326 

TUE2 

ORTH 

HEAD 

1  500 

1 6 

1  5 

7 

00327 

TIJE2 

GOPC 

EXT  R 

1500 

38 

vJ 

7 

00328 

TUE2 

GOPC 

CHST 

1500 

58 

T- 

9 

00329 

TUE2 

GOF'C 

MOLT 

1 500 

&3 

8 

1 

00330 

TUE2 

GOPC 

EXTR 

1 500 

b  3 

2. 

15 

00331 

TLIE2 

EMER 

EXTR 

1  500 

77 

4 

6 

00332 

THE  2 

ORTH 

EXTR 

1 500 

68 

T 

1 

u<  3 

THE  2 

GOPC 

HEAD 

1. 500 

82 

1 5 

1 

0  >334 

TLJE  2 

EMER 

SPIN 

1  6<‘>  u 

46 

0 

77 


LIST- 

00335 

FOR  DAY" ' WED2 ' 
WED 2  EMEE  EXTR 

opoo 

1 

2 

16 

00336 

WED2 

ORTH 

EXTR 

OS  00 

16 

1 

12 

00337 

WED  2 

ORTH 

EXTR 

0800 

J  2 

o 

3 

00338 

WED  2 

MEDX 

CHST 

0900 

9 

1 

00339 

WED2 

□  BGY 

I  VP 

0900 

2 

50 

0 

00340 

WED2 

FAME 

I  VP 

1 000 

0 

40 

(j 

0034 1 

WED2 

GOPC 

SP I N 

0900 

47 

lo 

0 

00342 

WED  2 

1 14  TM 

CHST 

1  (_><„)(.) 

28 

10 

18 

00343 

WED2 

REDS 

EXTR 

1 100 

18 

~r 

1 

00344 

WED2 

BOPC 

CHST 

1  100 

i  6 

0 

00345 

WED2 

GOPC 

EXTR 

0900 

55 

o 

00346 

WED2 

GOPC 

SPIN 

1  1  00 

21 

tli 

1 

00347 

WED  2 

GOPC 

CHST 

1 200 

1 

"7 

s 

00348 

WED2 

FAMP 

EXTR 

1200 

9 

3 

10 

00349 

WED2 

EMER 

SP  I N 

1 300 

10 

15 

o 

00350 

WED  2 

I  NTH 

CHST 

1300 

/ 

10 

3 

0035  i 

WED  2 

GOPC 

BP  I N 

1300 

12 

8  ' 

9 

00352 

WED2 

GOPC 

CHS  T 

1 300 

8 

?; 

0 

00353 

WED  2 

FAME 

CHST 

1 300 

24 

i 

4 

00354 

WED2 

WD2C 

SPEC 

1  400 

4 

84 

5 

00355 

WED2 

MEDX 

CHST 

1 400 

61 

#*> 

1 

nn  ‘7 

P  MCP 

rj._j£T 

i  400 

51 

o 

1 

*-■  ’■'*  — 1  ’ — 1 

r  T  l~  A-V 

u— '  ’  1  ' 

00357 

WED  2 

OBGY 

CHST 

1400 

54 

1 

00358 

WED  2 

ORTH 

EXTR 

1500 

48 

"T 

1 

00359 

WED2 

FAMP 

KUB 

1500 

52 

7 

•*.r 

00360 

WED  2 

ORTH 

EXTR 

1600 

13 

4 

1 0 

0036 1 

WED  2 

GOPC 

EXTR 

1  600 

10 

5 

0 

78 


LIST  FOR  DAY-" '  THUS  ' 


00362 

THIJ2 

GO  PC 

EXTR 

0800 

15 

r 

9 

00363 

THLJ2 

MEDX 

CHST 

0800 

9 

8 

00364 

THLJ2 

GOPC 

EXTR 

0800 

8 

14 

0 

00365 

THUS 

MEDX 

CHST 

0800 

17 

1 

0 

00366 

THU2 

GOPC 

CHST 

0800 

14 

10 

o 

00367 

THU2 

□RTH 

EXTR 

0800 

-f 

10 

i 

00368 

TH1.J2 

GOPC 

EXTR 

0800 

27 

4 

0 

00369 

THU2 

GOPC 

CHST 

0900 

20 

8 

00370 

TH1J2 

WD2C 

SPEC 

0900 

69 

o 

0037 1 

THU  2 

GOPC 

SPIN 

0900 

53 

20 

1 

00372 

THU  2 

ORTH 

EXTR 

0900 

1 03 

6 

0 

00373 

THU2 

GOPC 

EXTR 

0900 

105 

9 

2 

0037  4 

THU  2 

MEDX 

CHST 

0900 

IS' 

wJ*l 

3 

i 

00375 

TIHU2 

FAMP 

EXTR 

0900 

1 1  4 

9 

"7 

00376 

THI.J2 

GOPC 

EXTR 

0900 

109 

6 

13 

00377 

THU2 

I  IMTM 

HEAD 

0900 

1 06 

8 

12 

00378 

THU2 

GOPC 

SPIN 

1 000 

115 

9 

1 

00379 

TIHU2 

GOPC 

CHST 

1 000 

1 07 

3 

3 

00380 

THU  2 

ORTH 

EXTR 

1 000 

98 

3. 

00381 

THU2 

ORTH 

HEAD 

1 000 

91 

4 

1 

00382 

THU  2 

INTri 

CFTST 

i  000 

BB 

2 

3 

00383 

THU  2 

ORTH 

EXTR 

1 1 00 

85 

3 

T 

00384 

THU2 

EMER 

EXTR 

1  1 00 

68 

T 

4 

00335 

THU  2 

□  RTH 

EXTR 

1 100 

76 

5 

00386 

THU2 

□  RTH 

EXTR 

1  1 00 

57 

10 

6 

00387 

THU  2 

FAMP 

SPIN 

1 1 00 

73 

17 

1 

00388 

THLJ  2 

□  RTH 

EXTR 

]  200 

82 

10 

1 

00389 

THU  2 

ORTH 

EXTR 

1200 

87 

.1 

00390 

THU2 

GOPC 

EXTR 

1  100 

88 

"T 

'9 

0039 1 

THIJ2 

FAMP 

CHST 

1 200 

72 

6 

i 

00392 

T  HU  2 

I IMTM 

SP I N 

1 300 

49 

1 1 

l 

THL12 

SPEC 

F  YTR 

1 3  0  0 

'9  cr 

4 

1  1 

00394- 

THIJ  2 

ORTH 

EXTR 

1 400 

1 1 

10 

10 

00395 

THU  2 

MEDX 

EXT! 

1 400 

15 

5 

00396 

THU  2 

ORTH 

EXTR 

1 400 

20 

1 

7 

00397 

THUS 

FAMP 

HEAD 

1 500 

7 

8 

0 

00398 

THUS 

GOPC 

EXTR 

0900 

1 00 

4 

0 

00399 

THU  2 

WD3B 

CHST 

1 500 

1 

r.-- 

*...! 

00400 

THUS 

ORTH 

EXTR 

1 600 

5 

1 0 

o 

.  LIST 

FDR 

DAY--  ' 

P  R  .1 3  ' 

00401 

FR I  3 

ORTH 

SP  I IM 

0800 

5 

9 

tr 

00402 

FR I  3 

IMTM 

UGI 

08  OU 

17 

20 

L  0 

00403 

FR  1 3 

EMER 

CHS! 

0300 

36 

00404 

FR  1 3 

GOPC 

CHST 

0800 

•t  er 
vJ 

<•“1 

8 

00405 

FRI3 

I NTM 

I  VP 

0800 

44 

28 

1 

00406 

FRIT 

WD3B 

CHST 

0900 

n 

t") 

79 


.  LIST  FOR  DAY= ' MGN3 ' 


00407 

MON 3  MEDX 

EXTR 

0800 

4 

‘T 

14 

00408 

MON 3  EMER 

EX  1  R 

0800 

12 

4 

17 

00409 

M0N3  SURG 

CHST 

0800 

35 

1 

00410 

MON 3  GO PC 

EX  1  H 

0800 

36 

3 

6 

004  1  1 

MDN3  USDS 

EXTR 

0800 

4  0 

o 

1 

00412 

M0N3  USDB 

SPIN 

0800 

43 

2 

4 

00413 

MON 3  USDB 

HEAD 

0800 

49 

CZ‘ 

U 

9 

00414 

MON 3  GOPC 

CHST 

0800 

63 

004 1 5 

MON 3  GOPC 

CHST 

0800 

66 

'■j 

ui. 

b 

00416 

M0N3  FAMP 

UGI 

0800 

70 

30 

8 

004  1 7 

M0N3  MEDX 

CHST 

0800 

101 

'O 

1 

00418 

MOM  MEDX 

EXTR 

0800 

96 

4 

pT 

00419 

MON..  ORTH 

EXTR 

0800 

98 

4 

00420 

M0N3  INTM 

CHST 

0900 

75 

2 

1 

0042 1 

M0N3  GOPC 

SPIN 

0800 

97 

pr 

1 

00422 

M0N3  GOPC 

BE 

1000 

19 

44 

14 

00423 

M0N3  ORTH 

EXTR 

0900 

118 

4 

1.0 

00424 

M0N3  ORTH 

EXTR 

0900 

156 

10 

00425 

M0N3  MEDX 

CHST 

0900 

130 

1 

1 

rw“i  n 

MGN3  MEDX 

CHST 

1  1  6 

'■) 

y. 

00427 

M0N3  MEDX 

EXTR 

1 000 

115 

•~y 

5 

00428 

MON 3  ORTH 

EXTR 

1000 

1 16 

4 

4 

00429 

MGN3  GOPC 

CHST 

1 000 

1 00 

4 

00430 

M0N3  MEDX 

CHST 

1 000 

120 

4 

16 

00431 

MGN3  MEDX 

CHST 

1 1. 00 

63 

2 

6 

00432 

M0N3  ORTH 

EXTR 

1100 

96 

4 

6 

00433 

MON 3  ORTH 

EXTR 

1000 

1 33 

16 

4 

00434 

MOIM 3  ORTH 

EXTR 

1200 

76 

1 

1 

00435 

M0N3  GOPC 

CHST 

1  zOO 

80 

"T 

4 

00436 

MON 3  EMER 

EXTR 

1200 

66 

6 

o 

00437 

MON 3  FAMP 

SP  I N 

1200 

63 

7 

12 

00438 

MON 3  GOPC 

EXTR 

1 300 

54 

7 

00439 

M0N3  GOPC 

CHST 

1 300 

54 

‘T 

0 

00440 

MON 3  GOPC 

EXTR 

1300 

56 

15 

5 

004  4  1 

MON 3  QBGY 

FLUR 

1 300 

68 

45 

15 

00442 

MON 3  WD3D 

BE 

1 500 

35 

cr  T 

U-> 

o 

00443 

MON 3  GOPC 

SPIN 

1400 

1 03 

6 

lo 

0044 4 

MON 3  WD3B 

CHST 

1500 

59 

4 

00445 

MOM 3  GOPC 

MULT 

1 200 

65 

10 

0 

00446 

MON-3  WL‘2C 

EXTR 

1500 

76 

4 

0 

80 


LIST 

00447 

FOR  DAY= ' TUE3 ' 
TUE3  GO PC  HEAD 

0800 

3 

14 

1 

00448 

TUE3  ORTH 

EXTR 

0800 

13 

U 

1 

00449 

TUE3  ORTH 

EXTR 

0800 

19 

1  uJ 

0 

00450 

TUE3  MEDX 

CHST 

0300 

-*T 

3 

1 

00451 

TUE3  MEDX 

CHST 

0800 

35 

•~y 

1 

00452 

TUE3  ORTH 

EXTR 

0800 

30 

KT 

J. 

00453 

TUE3  GO PC 

EXTR 

0800 

27 

6 

1 

00454 

TOE 3  EMER 

EXTR 

0900 

~7 

/ 

cr 

j 

00455 

TUE3  COMH 

EXTR 

0800 

nn 

4 

'7 

00456 

TUE3  GOPC 

EXTR 

0800 

31 

4 

4 

00457 

T0E3  GOPC 

EXTR 

0900 

27 

6 

5 

00458 

TUE3  COMH 

CHST 

0900 

34 

3 

6 

00459 

TUE3  ORTH 

EXTR 

0900 

—«<  -~T 

'7 

4 

00460 

TUE3  l-AMP 

EXTR 

0900 

17 

7 

ry 

0046 1 

TUE3  MEDX 

CHST 

0900 

19 

1 

1  1 

00462 

TUE3  GOPC 

BE 

1 000 

14 

44 

1 

00463 

TUE3  FAMP 

HEAD 

3  000 

57 

8 

*7 

00464 

TUE3  EMER 

EXTR 

1 100 

<7 

15 

00465 

TOE -3  ORTH 

EXTR 

1000 

82 

4 

00466 

TUE3  ORTH 

SPIN 

1  ooo 

84 

12 

5 

00467 

TUE3  EMER 

EXTR 

1 000 

99 

'7 

i 

004  68 

TUE3  GOPC 

SPIN 

1  uoo 

100 

i 

00469 

TOE 3  MEDX 

CHST 

1000 

102 

1 

'7 

00470 

TUE3  MEDX 

CHST 

1 000 

109 

1 

1 

00471 

TUE3  ORTI-I 

EXTR 

1 000 

109 

8 

5 

00472 

TUE3  ORTH 

MULT 

1000 

117 

31 

0 

00473 

TUE3  ORTH 

EXTR 

1  Ooo 

3,  40 

2 

7 

00474 

TI.JE3  ORTH 

EXTR 

1  ooo 

146 

o 

t-y 

00475 

TUE3  ORTH 

EXTR 

1  ooo 

147 

'7 

y7 

00476 

T0E3  EMER 

CHST 

1 1 00 

1 08 

"T 

3 

00477 

TUE3  GOPC 

MOLT 

1 1 00 

1  12 

13 

0 

00478 

TI.JE3  FAMP 

SPIN 

J.  200 

71 

10 

10 

,  ..  j,  — 

\j  r-  ri  r~i 

i  r\  /"■. 

jl  r\ 

tr 

00*>  /  7 

\  uco  ur\  i  n 

ALI  \  LJ 

i. 

il..  uJ 

lJ 

00480 

TUE3  EMER 

KLJB 

1 200 

144 

10 

1 

0048 1 

TUE3  COMH 

CHST 

3  200 

154 

4 

5 

00482 

TUE3  GOPC 

CHST 

1  200 

142 

/ 

8 

00483 

TUE3  USDB 

TOMO 

1300 

1 07 

tr/o 

*7 

00484 

THE 3  ORTH 

E  X  i  R 

1400 

1 1 1 

4 

0 

00485 

TUE3  ORTH 

MULT 

1400 

132 

10 

3 

00486 

THE 3  I N T  M 

CHST 

1 400 

115 

0 

00487 

TUI..  3  1 NTM 

EXTR 

14  00 

1  y%‘2. 

4 

00488 

TUE3  ORTH 

EXTR 

3.  400 

153 

1  1 

0 

00489 

TUE3  I NTM 

SPEC 

3.  400 

126 

35 

0 

8  1 


LIST  FOR  DAY— ' WED3 ' 


00490 

WED3  MEDX 

CHST 

0800 

10 

T 

0 

0049 1 

WED3  ORTH 

SPIN 

0800 

13 

4 

5 

00492 

WED 3  FAMP 

CHST 

0800 

20 

Q 

004  93 

WED3  EE NT 

HEAD 

0800 

12 

6 

4 

00494 

WED3  ORTH 

EXTR 

0800 

14 

"T 

7 

/ 

00495 

WED3  GOPC 

E.XTR 

0800 

19 

2 

1 

00496 

WED3  0BL3Y 

CHST 

0800 

n  t:n* 

«*> 

1 

00497 

WED 3  BOPC 

EXTR 

0800 

17 

2 

1 

00498 

WED-3  GOPC 

EXTR 

0800 

17 

ir 

9 

00499 

WED 3  EMER 

EXTR 

0900 

9 

2! 

o 

00500 

WED3  EI'IER 

EXTR 

0900 

1  1 

4 

o 

00501 

WED3  GOPC 

UGI 

0900 

1 0 

30 

rV”> 

00502 

WED3  GOPC 

EXTR 

1  000 

"T 

6 

29 

00503 

WED 3  GOPC 

UGI 

0900 

65 

20 

4 

00504 

WED3  FAMP 

EXTR 

1 000 

o 

7 

00505 

WED3  FAMP 

SPIN 

J  100 

7 

t> 

1  1 

00506 

WED3  REDS 

SPIN 

1  100 

7 

14 

00507 

WED3  GOPC 

CHST 

1 200 

O 

1 

00508 

WED3  GOPC 

CHST 

1 2  >0 

29 

cr 

7 

00509 

WED3  GOPC 

CHST 

1  200 

-.5  3 

005 1 0 

WED3  EMER 

SPIN 

1  200 

35 

36 

7 

00511 

WED 3  INTM 

CHST 

1200 

42 

s 

1 

005 1 2 

WED3  COMH 

CHST 

1 300 

29 

2 

1  1 

00513 

WED3  MEDX 

CHST 

1 300 

26 

u 

0 

00514 

WED3  EMER 

HEAD 

1300 

33 

25 

5 

00515 

WED3  OBGY 

I  VP 

1400 

13 

30 

12 

00516 

WED3  ORTH 

EXTR 

1 300 

82 

6 

5 

005 1 7 

WED3  GOPC 

EXTR 

1300 

92 

■  r, 

i 

00518 

WED3  ORTH 

EXTR 

1-400 

69 

3 

00519 

WED 3  FAMP 

CHST 

1 400 

/  5 

'0 

i 

00520 

WED3  ORTH 

EXTR 

1  400 

79 

4 

i 

0052 1 

WED3  ORTH 

EXTR 

1  400 

S3 

3 

r> 

00522 

WED 3  ORTH 

EXTR 

1500 

38 

5 

9 

00523 

WED3  GOPC 

CHST 

1 500 

30 

i 

n 

00524 

WED 3  SURG 

CHST 

1 500 

26 

i 

7 

00525 

WED3  ORTH 

EXTR 

00 

9 

9 

0 

00526 

WED 3  PEDB 

SP I IM 

,  >0 

6 

1 5 

0 

82 


LIST  FOR  DAY= ' THU3 


00527 

THU3  FAMP 

SPIN 

0800 

cr 

tJ 

15 

9 

00528 

THU 3  I  NTH 

CHST 

0800 

6 

1 1 

17 

00529 

THU 3  FAMP 

CHST 

0800 

1  ^ 

4 

6 

00530 

THU 3  ORTH 

SPIN 

0900 

cr 

vJ 

16 

0 

00531 

THLJ3  ORTH 

EXTR 

0900 

/-J 

4 

i 

00532 

THU3  FAMP 

EXTR 

0900 

20 

O 

5 

00533 

THU 3  OBGY 

I  VP 

0900 

'-‘D 

44 

5 

00534 

THU3  EMER 

CHST 

0900 

62 

1  1 

ry 

00535 

THU 3  BOPC 

EXTR 

0900 

72 

6 

4 

00536 

THU 3  ORTH 

SPIN 

0900 

70 

1 1 

1 

00537 

THU3  ORTH 

EXTR 

0900 

80 

“T 

(“) 

00538 

THU3  GO PC 

EX  l"E 

1000 

58 

5 

00539 

THLJ3  ORTH 

EXTR 

1  ooo 

56 

"7 

o 

00540 

THU 3  FAMP 

CHST 

1000 

58 

1 

0054  1 

THUS  GOPC 

EXTR 

1000 

36 

*7 

00542 

THU 3  WD3B 

SPIN 

100  0 

64 

6 

1 

00543 

THUS  ORTH 

EXTR 

1 1 00 

28 

7 

1 

00544 

THUS  FAMP 

CHST 

1 1 00 

35 

•j.* 

0 

00545 

THUS  ORTH 

EXTR 

1100 

37 

4 

4 

00546 

THU 3  FAMP 

CHST 

1100 

39 

1 

»wt  1  II  ‘V 

4  4  i"\ /  \ 

T  / 

i  riU->  r  Hi  ir 

IIUL.  1 

J.  J. 

l_/ 

00548 

. HU 3  ORTH 

EXTR 

1100 

61 

5 

5 

00549 

THUS.  FAMP 

CHST 

1 200 

27 

i 

00550 

THUS  EMER 

EXTR 

1 200 

20 

4 

4 

0055  1 

THU 2  WD3B 

BE 

1 200 

9 

51 

6 

00552 

THU3  FEDS 

CHST 

1 200 

83 

"T 

1 

00553 

THUS  I NTM 

CHST 

1 300 

40 

6 

00554 

THUS  USDS 

EXTR 

1300 

28 

“T 

14 

00555 

THUS  FAMP 

EXTR 

1 300 

26 

5 

0 

00556 

THUS  ORTH 

EXTR 

1 300 

30 

10 

00557 

THUS  ORTH 

EXTR 

1300 

35 

8 

7 

on  55  8 

THI  IS  ORTH 

EXTR 

1 400 

46 

'"y 

1 

00559 

THUS  ORTH 

EXTR 

1400 

46 

6 

1 

00560 

THU 3  ORTH 

EXTR 

1400 

47 

1 

00561 

THUS  ORTH 

EXTR 

1400 

49 

7 

1 

00562 

THUS  GOPC 

CHST 

1 400 

43 

4 

00563 

THUS  GOPC 

ABD 

1  600 

■■“J 

7 

00564 

THUS  EMER 

SP I N 

1600 

r~y 

1 0 

0 

33 


LIST  FOR  DAY— ' FR I 4 ' 


00565 

FR  1 4 

FAMP 

SP I N 

0800 

4 

18 

i 

00566 

FR  1 4 

FAMP 

SPIN 

0800 

r~\  ^ 

18 

4 

00567 

FR  1 4 

ORTH 

EXTR 

0800 

40 

1 

00568 

FR  1 4 

MEDX 

CHST 

0800 

~r  o 

n 

1 

00569 

FR  I  4 

PT 

SPIN 

0800 

39 

28 

0 

00570 

FR  1 4 

USDS 

CHST 

0800 

97 

n 

1  1 

0057 1 

FR  1 4 

ORTH 

EXTR 

0800 

103 

5 

r~\ 

00572 

FR  1 4 

GOPC 

IVP 

0900 

75 

43 

00573 

FR  1 4 

REDS 

CHST 

0800 

1 05 

*T 

1 

00574 

FR  1 4 

GOPC 

EXTR 

0900 

94 

T 

“T 

00575 

FR  1 4 

GOPC 

HEAD 

0800 

1 30 

5 

1 

00576 

FR  1 4 

ORTH 

MULT 

0900 

101 

10 

1 

00577 

FR  14 

EMER 

EXTR 

1 000 

97 

2 

00578 

FR  1 4 

FAMP 

UGI 

1000 

1  10 

35 

00579 

FR  1 4 

FAMP 

EXTR 

1 000 

100 

’T 

1 

00580 

FR  1 4 

FAMP 

SP  I N 

1 100 

95 

12 

9 

00581 

FR  1 4 

ORTH 

EXTR 

1 1 00 

1  1 1 

"T 

1 

00582 

FR  1 4 

EMER 

EXTR 

1 000 

140 

1 

00583 

FR  1 4 

GOPC 

HEAD 

1 1 00 

95 

5 

9 

00584 

F  R 1 4 

GOPC 

EXTR 

1  100 

107 

*T 

6 

r\ i~\  r-  O  =•. 

kJ  V. J 

CTO  T  /I 

1  1  \  M  1 

C'crnc; 

r  i —  w 

head 

1 1 00 

1  10 

4 

1 

00586 

FR  1 4 

GOPC 

HEAD 

1 100 

99 

5 

0 

00587 

FR  1 4 

EMER 

MULT 

1300 

18 

10 

5 

00588 

FR  1 4 

PEDS 

SPEC 

1 200 

52 

52 

8 

00589 

FR  1 4 

GBGY 

IVP 

1300 

55 

30 

0O590 

FR  1 4 

WD3B 

CHST 

1 300 

1 32 

4 

o 

00591 

FR  1 4 

FAMP 

EXTR 

1 1 00 

175 

3 

1 

00592 

FR  I  4 

GOPC 

SPIN 

1300 

112 

10 

1 

00593 

FR  1 4 

GOPC 

EXTR 

1 300 

121 

’T 

1 

00594 

FR  1 4 

GOPC 

EXTR 

1300 

125 

3 

1 

00595 

FR  1 4 

EMER 

EXTR 

1500 

1  b 

4- 

00596 

FR  1 4 

GOPC 

EXTR 

1400 

J  00 

o 

”f 

00597 

FR  1 4 

PEDS 

MULT 

1 500 

39 

50 

0 

84 


LIST 

00598 

FOR  DAY-  '  M0N4  ' 
MON 4  ORTH  SPIN 

OS  00 

15 

"T 

o 

00599 

M0N4 

FAMP 

EXTR 

0800 

19 

*") 

00600 

MON  4 

GOF'C 

HEAD 

0800 

6 

“7 

/ 

6 

0060 1 

M0N4 

ORTH 

EXTR 

0800 

30 

1 1 

1 

00602 

M0N4 

ORTH 

EXTR 

0800 

36 

•-> 

9 

00603 

M0N4 

WD28 

CHST 

0800 

38 

3 

2 

00604 

MON  4 

GOF’C 

ABD 

0800 

37 

6 

to 

00605 

M0N4 

COMH 

CHST 

0800 

44 

2. 

i 

00606 

M0N4 

ORTH 

EXTR 

0800 

48 

6 

4 

00607 

M0N4 

GOF'C 

CHST 

0800 

57 

5 

o 

00608 

MON  4 

MEDX 

CHST 

0800 

60 

1 

1 

00609 

M0N4 

GOF'C 

CHST 

0800 

bb 

Oi 

6 

00610 

M0N4 

SURG 

BE 

0900 

38 

35 

1 

0061  1 

M0N4 

MEDX 

SPIN 

1 OOO 

16 

9 

00612 

M0N4 

GOF'C 

EXTR 

0800 

93 

6 

6 

00613 

M0N4 

MEDX 

CHST 

0800 

112 

1 

1 

006 14 

M0N4 

COMH 

CHST 

0900 

1 03 

1 

00615 

MON  4 

SURG 

BE 

].  OOO 

48 

39 

;-t 

006 1  6 

M0N4 

EMER 

EXTR 

0900 

121 

6 

i 

00617 

M0N4 

GOF’C 

EXTR 

0900 

127 

b 

to 

00618 

MQN4 

DENT 

HEAD 

0900 

134 

7 

i 

00619 

M0N4 

GOF'C 

EXTR 

0900 

136 

O 

00620 

MON  4 

SURG 

BE 

1  1 00 

31 

30 

'> 

00621 

M0N4 

GOF'C 

SPIN 

1  1 00 

146 

11 

1 

00622 

M0N4 

IIMTM 

CHST 

1  OOO 

123 

1 

00623 

MGN4 

FAMP 

EXTR 

0900 

164 

6 

1 

00624 

M0N4 

GOF'C 

EXTR 

1  100 

83 

f  •> 

8 

00625 

M0N4 

GOF'C 

CHST 

1. 200 

49 

3 

00626 

M0N4 

GOF'C 

MULT 

1 200 

46 

3 

i 

00627 

M0N4 

F'T 

SPIN 

1.200 

43 

b 

6 

00628 

M0N4 

EMER 

CHST 

1 300 

7 

•k2 

6 

00629 

M0N4 

EMER 

HEAD 

1 200 

44 

10 

1 

00  to  30 

riGN4 

SURG 

BP  I N 

j.  200 

64 

2 

6 

00631 

MQN4 

ORTH 

EXTR 

1 300 

44 

i 

00632 

M0N4 

GOF’C 

EXTR 

1 300 

24 

to 

6 

00633 

M0N4 

EMER 

EXTR 

1  300 

27 

cr 

vJ 

1 

00634 

M0N4 

ORTH 

EXTR 

1  300 

27 

y 

1  1 

00635 

M0N4 

□  BOY 

SPEC 

1  500 

38 

2  b 

b 

0U636 

M0N4 

GOF’C 

EXTR 

1  400 

27 

to 

16 

00637 

MQN4 

GOF’C 

MULT 

1  400 

19 

20 

4 

00638 

M0N4 

WD3B 

SPEC 

1  500 

6 

3  b 

0 

85 


LIST  FOR  DAY= ' TUE4 ' 


00639 

TUE4 

WD3E 

CHST 

0800 

5 

9 

1 

00640 

TIJE4 

ORTH 

EXTR 

0800 

18 

4 

00641 

TUE4 

MEDX 

CHST 

0800 

■+L 

3 

1 

00642 

TUE4 

FAME 

EXTR 

0800 

.5 

1 1 

00643 

TUE4 

DENT 

HEAD 

0800 

99 

6 

4 

00644 

TUE4 

ORTH 

EXTR 

0800 

23 

/-n 

1 

00645 

TUE4 

GOPC 

EXTR 

0800 

r>  t 

n 

6 

00646 

TI.JE4 

60  PC 

EXTR 

0800 

30 

4 

(->  0647 

TUE4 

MEDX 

CHST 

0800 

36 

1 

7 

00648 

TUE4 

GOPC 

EXTR 

0800 

40 

16 

18 

00649 

TUE4 

I NTM 

BE 

0900 

38 

27 

B 

00650 

TUE4 

INTM 

CHST 

0900 

82 

r-y 

1 

0065 1 

TUE4 

MEDX 

CHST 

0900 

81 

2 

7 

00652 

TUE4 

MEDX 

I  VP 

1 000 

30 

35 

7 

00653 

TUE4 

ORTH 

EXTR 

0900 

125 

*T( 

i 

00654 

TUE4 

GOPC 

SPIN 

0900 

129 

3 

i 

00655 

TUE4 

ORTH 

EXTR 

0900 

126 

5 

5 

00656 

TTJE4 

EMER 

EXTR 

1 000 

60 

4 

i 

00657 

TUE4 

MEDX 

TOMO 

1 1 00 

12 

78 

00658 

TUE4 

MEDX 

CHST 

0900 

rp  -„r 

o 

00659 

TUE4 

ORTH 

EXTR 

1 000 

142 

/ 

0 

00660 

TUE4 

ORTH 

EXTR 

1 000 

140 

4 

9 

0066 1 

TLJE4 

ORTH 

PYTB 

i  i  on 

1  59 

o 

n 

00662 

TUE4 

INTM 

CHST 

1 1 00 

133 

1 

00663 

TUE4 

ORTH 

EXTR 

1 100 

136 

n 

00664 

TUE4 

GOPC 

EXTR 

1 100 

121 

4 

6 

00665 

TUE4 

ORTH 

EXTR 

1  i  00 

129 

1 

0 

00666 

TUE4 

PEDS 

EXTR 

1100 

129 

r~\ 

0 

00667 

TUE4 

GOPC 

CHST 

1100 

123 

4 

00668 

TUE4 

ORTH 

MULT 

1 200 

1  03 

t> 

“•r 

00669 

TUE4 

FAMP 

SPIN 

1 200 

107 

20 

5 

00670 

TUE4 

ORTH 

ARTIH 

1400 

1?  Tij 

35 

4 

00671 

TUE4 

ORTH 

EXTR 

1200 

154 

3 

4 

00672 

TUE4 

WD2C 

EXTR 

1400 

38 

12 

0 

00673 

TUE4 

ALGY 

HEAD 

1500 

18 

4 

1 

00674 

TLJE4 

EMER 

EXTR 

1500 

18 

4 

.3 

00675 

TLIE4 

GOPC 

HEAD 

1500 

8 

0067 6 

TUE4 

GOPC 

EXTR 

1500 

18 

8 

00677 

TUE4 

GOPC 

EXTR 

1500 

2  j 

13 

o 

86 


LIST  FOR  DAY-  '  LIED4  ' 


00678 

WED4 

WD3E-! 

CHST 

0800 

5 

0 

00679 

WED4 

MEDX 

CHS! 

OBOO 

—f 

/ 

r 

1 

00680 

WED  4 

CRTH 

EXTR 

OBOO 

9 

1 

00681 

WED4 

MEDX 

CHST 

0800 

6 

6 

00682 

WED4 

MEDX 

CHST 

OBOO 

6 

i~ 

X-J 

1 

00683 

WED4 

MEDX 

CHST 

0800 

5 

00684 

WED4 

INTM 

SPIN 

0800 

yt 

8 

“7 

o  ij  <b  8  5 

WED4 

GOPC 

CHST 

0800 

5 

0 

00686 

WED4 

GOPC 

EXTR 

0800 

5 

9 

6 

00687 

WED4 

MEDX 

CHST 

0900 

6 

i 

o 

00688 

WED4 

GOP 

CHST 

0900 

b 

l 

*7 

00689 

WED4 

GOPL 

EXTR 

0900 

yt 

5 

217 

00690 

WED4 

IIMTM 

I  VP 

0900 

29 

27 

i 

00691 

WED4 

GOPC 

EXTR 

0900 

48 

4 

(I> 

00692 

WED4 

PEDS 

EXTR 

0900 

48 

tr 

xj 

i 

00693 

WED4 

PEDS 

EXTR 

1 000 

30 

9 

0 

00694 

WED4 

EMER 

EXTR 

1000 

24 

9> 

i 

00695 

WED4 

GOPC 

EXTR 

1000 

24 

4 

o 

00696 

WED4 

FAMP 

EXTR 

1000 

27 

3 

4 

00697 

WED4 

FAMP 

EXTR 

1 1  00 

4 

b 

1 

00698 

WED4 

EMER 

CHST 

1 1 00 

1 

10 

19 

oa  /  nn 

i -ii —  r\  a 

n  c.  v  i.  i 

n  lj  or 

-r 

1 

\  »  i  i 

Ul  liJ  1 

«•.  j.  >«< 

00700 

WED4 

FAMP 

EXTR 

1 1 00 

16 

"T 

45 

0070 1 

WED4 

EMER 

ABD 

1 1 00 

91 

60 

00702 

WED4 

ORTH 

EXTR 

1 300 

51 

8 

'? 

00703 

WED4 

GOPC 

CHST 

1 300 

37 

T. 

1 

00704 

WED4 

GOPC 

CHST 

1 300 

34 

T 

8 

00705 

WED4 

MEDX 

SPIN 

1 300 

26 

15 

4 

00706 

WED4 

GOPC 

EXTR 

1400 

31 

8 

"T 

00707 

WED4 

EMER 

EXTR 

1400 

14 

4 

4 

00708 

WED4 

GOPC 

EXTR 

1 400 

17 

1 

1 

00709 

WED4 

EMER 

EXTR 

1400 

15 

■T 

007  1  0 

WED4 

WD2C 

CHST 

1500 

o 

1 1 

1 0 

0071 1 

WED4 

GOPC 

SPIN 

1500 

io 

n 

1 

00712 

WED4 

I IMTM 

EXTR 

1  500 

1 1 

4 

8 

007 1 3 

WED4 

ORTH 

EXTR 

1500 

1 1. 

6 

4 

00714 

WED4 

FAMP 

SPIN 

1500 

4 

21 

1 

007 1 5 

WED4 

FAMP 

EXTR 

1500 

20 

13 

0 

87 


LIST 

00716 

FOR  DAY= ' THU4 ' 
THU4  MEDX  CHST 

0800 

12 

4 

00717 

THU  4 

ORTH 

EXTR 

0800 

18 

8 

0 

007  IS 

THU4 

ORTH 

EXTR 

0800 

24 

7 

n 

00719 

THU4 

GOPC 

SPIN 

0800 

32 

4 

l 

00720 

THU  4 

ORTH 

EXTR 

0800 

30 

5 

l 

00721 

THU4 

MEDX 

CHST 

0800 

16 

T 

00722 

THU  4 

REDS 

CHST 

0800 

18 

4 

3 

00723 

THU  4 

GOPC 

EXTR 

0800 

16 

9 

7 

00724 

THU4 

60PC 

EXTR 

0900 

9 

■  T 

14 

00725 

THU  4 

ORTH 

TOMO 

0900 

36 

48 

1 

00726 

THU  4 

ORTH 

EXTR 

0900 

32 

16 

1 

00727 

THU4 

INTM 

CHST 

0900 

60 

1 

o 

00728 

THU  4 

ORTH 

EXTR 

0900 

53 

8 

“3* 

00729 

THU  4 

ORTH 

SPIN 

1000 

49 

14 

o 

00730 

THU  4 

EMER 

HEAD 

1 000 

49 

8 

1 

0073 1 

THU  4 

EMER 

EXTR 

1 1 00 

21 

o 

2 

00732 

THU  4 

ORTH 

EXTR 

HOC 

20 

5 

i 

00733 

THU4 

MEDX 

CHST 

1 1 00 

24 

o 

12 

00734 

THU4 

GOPC 

EXTR 

1 1 00 

9 

'*> 

6 

00735 

THU4 

ORTH 

EXTR 

1200 

6 

6 

4 

00736 

THU4 

GOPC 

EXTR 

1 200 

4 

7 

h 

00737 

THU4 

MEDX 

EXTR 

1200 

14 

6 

24 

007 38 

THU4 

MEDX 

CHST 

1200 

24 

12 

1 

00739 

THIJ4 

ORTH 

EXTR 

1300 

13 

9 

2 

00740 

THU4 

ORTH 

EXTR 

1 300 

14 

o 

r~\ 

00741 

THU4 

GOPC 

CHST 

1 300 

13 

n 

"T 

00742 

THU  4- 

GOPC 

EXTR 

1 300 

4 

4 

00743 

THU4 

WD2C 

EXTR 

1 300 

1 

7 

7 

00744 

TH1J4 

FAMP 

CHST 

1400 

7 

1 

”T 

00745 

THU4 

ORTH 

EXTR 

1400 

10 

6 

10 

00746 

THU  4 

ORTH 

EXTR 

.1  400 

1 0 

5 

1 

00747 

THU4 

ORTH 

EXTR 

1 400 

13 

3 

5 

00748 

THU  4 

UK  1  H 

EXTk 

i  40u 

F9 

3 

1  / 

00749 

THU  4 

EMER 

SPIN 

1  500 

17 

7 

>~y 

00750 

THU4 

EMER 

EXTR 

1500 

3 

1 

1 

00  75 1 

THU4 

MEDX 

CHST 

1600 

i 

0 

88 


APPENDIX  E 


ESTIMATE  OF  WORKLOAD  EXPECTED  DURING  THE  EMU 


AVERAGE  NUMBER  OF  EXAMINATIONS  EXPECTED  PER  FOUR-WEEK  PERIOD 

August  1986  -  April  1987 


Typa  of  Examination 

Ganaral  X-Ray: 

Chaat/Rib* 

Extramatiaa 

Haad/Sinua 

Spina 

Kldnays/Uratara/Bladdar 
Abdominal  Sariaa 
Hultipla 

Total 

Fluoroacopic  and  Spacial 

Uppar  Gaatrointaatinal 
Barium  Enaaa 
Barium  Swallow 
Gall  Bladdar 

Small  Bowal  Follow  Through 

Arthrogram 

Vanograa 

Intravanoua  Pyalograa 

Tomogram 

Xarogram 

Othar 

Total 


Aug-Oc*. 

Nov- Jan 

Fab-Apr 

224 

200 

220 

360 

300 

329 

36 

43 

43 

60 

76 

90 

9 

9 

8 

10 

io 

11 

19 

18 

23 

738 

656 

724 

25 

29 

23 

29 

20 

19 

3 

4 

2 

5 

5 

5 

3 

2 

1 

2 

2 

2 

2 

2 

1 

17 

18 

21 

3 

2 

3 

- 

1 

1 

5 

6 

7 

94 

91 

85 

60 

60 

60 

Mammograma 


APPENDIX  F 


ESTIMATE  OF  EXPECTED  AVERAGE  WAITING  TIME 
ALTERNATE  SCHEDULING  METHOD  #2 


TABLE  20 

EXPECTED  DISTRIBUTION  OF  PATIENT  ARRIVALS 
ALTERNATE  SCHEDULING  METHOD  #2 


Arrival 

Ganaral 

Sched . 

Unachad . 

Total 

Hour 

X-Rays 

FAS 

FAS 

FAS 

0800 

187 

- 

1 

1 

0900 

105 

- 

3 

3 

1000 

91 

- 

1 

1 

llOO 

81 

- 

2 

2 

1200 

61 

- 

4 

4 

1300 

66 

4 

1 

5 

1400 

61 

2 

3 

5 

1500 

63 

- 

2 

2 

1600 

23 

- 

- 

- 

Total 

738 

6 

17 

23 

TABLE  21 

EXPECTED  AVERAGE  EXAMINATION  COMPLETION  TIMES 
AND  CUMULATIVE  VARIANCE  FROM  SERVICE  CAPACITY 
ALTERNATE  SCHEDULING  METHOD  #2 


Avarag* 

Daily 

Arrivals 


Avarage  Time 

P^rtK  £  yaarl  f  ^ 


Cumulative 

Wa*>  £  am  «*»  at 


Complata  Examinations  from  Sarvica 


Arrival 

Hour 

Gan . 

FAS 

(In 
Gen . 

minutes) 

FAS  Total 

Capacity 
(In  minutes) 

0800 

9.35 

0.05 

92 

2 

94 

♦  34 

0900 

5.25 

0.15 

51 

7 

58 

♦  32 

lOOO 

4.55 

0.05 

45 

2 

47 

♦  19 

llOO 

4.05 

0.10 

40 

5 

45 

♦  4 

1200 

3.05 

0.20 

30 

9 

39 

-17 

1300 

3.30 

0.25 

32 

11 

43 

-34 

1400 

3.05 

0.25 

30 

11 

41 

-53 

1500 

3.15 

0.10 

31 

5 

36 

-77 

1600 

1 1  15 

-- 

11 

-- 

-- 

-96 

90 


TABLE  22 


DIFFERENCES  IN  AVERAGE  EXAMINATION  COMPLETION  TIMES  REQUIRED 
ALTERNATE  SCHEDULING  METHOD  #2 
(In  Minutee) 


Arrival 

Hour 

Study  Pariod 
(Obaarvad) 

Alternate 
Method  #1 
( Expactad) 

Difference 

Cuamulative 

Diffaranca 

0600 

105 

94 

-11 

-11 

0900 

63 

56 

-25 

-36 

lOOO 

67 

47 

-20 

-56 

llOO 

43 

45 

♦  2 

-54 

TAELE  23 


ESTIMATE  OF  EXPECTED  AVERAGE  WAITING  TIMES 
ALTERNATE  SCHEDULING  METHOD  #2 
(In  Minutea) 


Arrival 

Hour 


Study  Period 
Avaraga  Patiant 
Waiting  Tine 
(Obaarvad) 


Cuaulativa  Diffaranca 
in  Avaraga  Examination 
Completion  Tima 
( ♦  or  - > 


Expactad 
Avaraga 
Patiant 
Waiting  Tima 


0600 

47 

0900 

87 

lOOO 

94 

1100 

79 

-11 

36 

-36 

31 

-56 

36 

-54 

25 

91 
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afpendix  g 


OPTIMAL  SOLUTION  COMPUTER  PRINTOUT 

alternate  scheduling  method  #j 


YOUR  VARIABLES  1  THROUGH  10 
SLACK  VARIABLES  11  THROUGH  22 

ANSWERS: 

PRIMAL  VARIABLES: 


VARIABLES 

1 

2 

4 

6 

7 

8 

9 

10 
11 
13 
15 
17 


VALUE 

33.31249 

20 

6 . 666666 
2.666667 
2.666667 
20 

1.333333 

80 

1030 

3.015633 

4 

2 


DUAL  VARIABLES: 

VARIABLE  VALUE 

1  0 

2  1.21875 

3  0 

4  30.29167 

5  0 

6  11.5 

7  0 

8  86.875 

9  75.83333 

10  73.54167 

11  147.2083 

12  31.25 
VALUE  OF  OBJECTIVE  FUNCTION 


11019.19 
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APPENDIX  li 


OPTIMAL  SOLUTION  COMPUTER  PRINTOUT 
ALTERNATE  SCHEDULING  METHOD  //  4 


YOUR  VARIABLES  1  THROUGH  10 


SLACK  VARIABLES  11  THROUGH 

ANSWERS: 

PRIMAL  VARIABLES: 

VARIABLES 

VALUE 

1 

7.06249 

2 

20 

4 

6 . b66667 

6 

2.666667 

7 

2.666667 

8 

20 

9 

1.333333 

10 

80 

11 

1030 

13 

22.70313 

15 

4 

17 

2 

DUAL  VARIABLES 

• 

• 

VARIABLE 

VALUE 

1 

o 

2 

1.218/5 

3 

0 

4 

30.29167 

5 

0 

6 

11.5 

7 

0 

8 

86.875 

9 

75.83333 

10 

73.54167 

11 

147.2083 

12 

31.25 

VALUE  OF  OBJECTIVE  FUNCTION  9995.438 
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APPENDIX  I 


OPTIMAL  SOLUTION  COMPUTER  PRINTOUT 
ALTERNATE  SCHEDULING  METHOD  # 3 
(25%  Workload  Increase) 


YOUR  VARIABLES  1  THROUGH  10 
SLACK  VARIABLES  11  THROUGH  22 


ANSWERS: 

PRIMAL  VARIABLES: 
VARIABLES  VALUE 


2 

6 

7 

8 

9 

10 
11 

13 

14 

15 

16 
17 

DUAL  VARIABLES 
VARIABLE 
1 
2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

VALUE  OF 


24.66666 

4 

4 

25.33334 

1.333333 

100 

1770 

O  C, 

.5000046 

5 

6 
3 

VALUE 

0 


1. 

0 

0 

0 

0 

0 

57 

37 


702128 


87235 
16313 
44.53902 
113.0497 
11.9149 

OBJECTIVE  FUNCTION 


11993.33 
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